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Abstract 


"Sex hormones’ (i.e., sex and fertility inducing substances) 
have been isolated from cultures of crosses between Em A and Em a as 
well as from the homokaryons of Em A and Em a of Neurospora crassa, The 


extracts were found to possess the following biological properties: 


1) The extracts when applied to cultures of single strains 
of Em A or Em a induced an increase in the number of visible protoperi- 
thecia and protoperithecia-like bodies as initiated by strain Em A; no 
visible protoperithecia and protoperithecia-like bodies were noted when 
Em a was used as the tester strain. 

2) The extracts when applied to crosses between sterile and 
wild type strains enhanced the fertility of some sterile strains of 
mating type A but not of a sterile strain of mating type a. 

3) The extracts when applied locally to a fertile cross will 
give rise to a chemotactic response in terms of localized perithecia. 

4) In one case the extract from a cross Em A x Em a was found 
to induce ‘selfing’ of an km A strain thereby giving rise to A, a, bi- 


sexual (self-sterile) and sterile progenies. 


Biochemical investigations using thin-layer chromatography 
indicated that two substances are present in the cross extract of Em A 
x Em a whereas each of the single strain extracts (Em A or Em a) contained 
only one biologically active substance, The substances yielded 
lipid-positive colour test with spray reagents. Ultraviolet, Infrared, 
Nuclear Magnetic Resonance, Mass-Spectra and Micro analysis of the 


extracts of single strains (Em A and Em a) characterized the sex-inducing 
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substances as open chained, unsaturated and possibly branched hydrocarbons 
with a molecular weight of 354-372 (mating type a) and 344-357 (mating 


type A). 





1 


¢ _— Ss \ wt Ag ~ i ~_ ¢ ‘ - a : ' 7 aoe 
BALI) VCO F pe Mm (8 2962 SuLgem) A \Capee to jrgrow YBL 


Acknowledgements 


I wish to express my appreciation to Dr. J. Weijer for 
his advice, encouragement and supervision throughout the course of 
this study. I would also like to express my appreciation to those 
members of the Department of Genetics who have assisted this project 
with valuable advice and criticism. I acknowledge my gratitude to Dr. 
Vigfusson for making available to me the necessary sterility mutants. 

My sincere thanks are extended to the members of the Photo 
Services and to the technical staff of the Chemistry Department for 
their advice and interest. 

Special thanks are due to Dr. Ayer and Dr. Srinavasan of 
the Department of Chemistry for their cooperation in the interpretation 
of the UV, Infrared, NMR and Mass-Spectroscopy results. 

Finally, I would like to express my sincere thanks to the 


Government of Canada for awarding me a Commonwealth Scholarship. 























Bitemo be lwoustoA 4 


rol usfisW .l_,3x4 of Holsciodxgge ‘at aastis qt aig be 
Lo Sane gfi3 Sidtauereiht noteivisgue bras itonsgeaeiinns 
seons ot noltelootqqs ym sae%qxs of ‘te, oats bi udw t 
Jostorq aif .bstaleus oved odw-ssttened e) sneod tq 5M sft io 
10 03 sbustdsxg ya ssbolwornle MELoLAbtS Has soivbs sitatioy diiw 
-63asjum yvoilixzstea vxneesooen oft om of sldsiieve godsiem 203 nore oan 


Jodi oft to sredmsm sit oj babmeixs sts ened exagaty haul 
101 Jnoms1sqsd yitjalmodd odd 26 A3ed2 I esendoss sid oJ bare ssolvase ; 


Jaoteant bas eotvbe shen i 


ny 


to msesvenizd .10 bois tsvA .x0 oF sub ste eslnene istosge 


hoLIse391gissni od ni switsreqdos. risa x0} ctdadmends to Sagat reqa0. og 


~~ 


. »ediu¢er ygostotdosq2~seoM bas ani -bersx¥nl WU ada te. 


947 03 algads steonke ym aasigxs of slit bhyow i utbabt 


ffexelodo® dtissunomiod 5 on aittbxswh -xot @beHEeD Yo jnemizsvoD 
« one 


TABLE OF CONTENTS 


IN FRODU CEIONS: #70. ss. PU: PEP es oa Pe Pe. Heels CONTA. DAL KET OUD, . 
LUTERA Te ee ee, PPE AE eRe ee de cc kee e eee aeanacecueneaeasese 
MATERIAL SAD MEEHODEIES . CUT OE PET ROE Seca dsccncunsewacececcecas 
tL. Strains... 27. . OF ORSPCErapn?. &: PUODSERs cae as wi dewawds wadesuses 
2. Media Used....... SUDEP REOREC. «ee Wye Mee eee baedeteseeeus 
3. Methodgiit,s..5 oF PAL CATS JT ee a rr rw rarer eo 
lL, Cultu¥e off stFaineervts.... pe ee eee ee re re gimalnie 

(a) Culture of crosses..... OG erie os Sbisees ClO eed es 

(es SINS Leeerain cGltugad .VER. Geert rescuey... ce ses oo ae 

II. Biochemical procedures........ Ws eae eo wilten aa ww ale er 
(ay AWateEPeRet SeCLOMe COSC ONYe vu cae scccccses ee aaa by ea 

CD) SP Crareees CRC ACEO OORY , oie cn awe ve avesarounsanen err 

(c) 28ol Vent Xt rechionre 3. SON SGe . SPER i. escacy. CM Rien 

POT OCRtraCCI Ons With CRLOTOLOIM, . occ acssesasseee ren 

ii. Extraction with chloroform - methanol........... 

Py) MEwtrGction. With, aceflones .0.cccccanwus Wiberereee 

ivi’ ‘Extraction withethylsaleoholx (95%)... 2.60005 eee 

CQ) Purtitcatiomiariithe Sxtract.4. 0. cscieiciew is ees ee 

IIl. Biological*Characterizationstuact. 8 sCness Bi A Bn oo. 


(a) Preparation of culture plates, . isc siei i ccaesaccioeases 


(b) © AdA RCL CHE Sx COG Dir verencscnniacendionspesesesepeciseveitadasrereyeye 


(c) Preparation of Neurospora CYOSSES......eeee ss eeeeees 


i. Cross of wild types (A x a) and A (sterile) 
yg | Cert) SF, FPP. PREPRESS, FO EH PPS By FR SPR ce oo 
ii. Cross of fluffy-A x a (male BERE LG Nene sve Sate so 


18 


18 


19 


















Z @a@teseterve ees speee tet eWene epee eee e eae ee ew te 8) Oe eee ee © 


6 : 
ee 
: ‘ MUIV RA 
£ ave eevee emeaeeeve seer 2 ee ove Pa e@e eset eauvs wwe 409 (2. C4 We AS 
i 
' 
it @*a4eeeeeoe™’eeeees @ oe 8s @@ tb @ verse ewles sere er tte ee OR GA, 


~ 


if re Aegan sm ees ens ¢dea walt 06 2's SR MEE 5h ke 5 eI ee an see Fe 


oes j 


iJ NOHO seen ere e ee Rennes vente gee ees due TO to siw3tw BA. 


vod CAAie eateodl’s wiwl 5s . Sea gageees ibe eee »t9 Te via! (a) —: 


t 
— 


.. ans ine ni eesa signie (d) 

rd ee II 
Py | pbbee Sh a We8 ves cd Fae 9» Sale oa ag rr (5) : 
es chats alton 42s othe none ut ce (4) ; i 
| eee sneatea te cece ure ORGS: Sau (9) 
a Herecsecsacsessene ene itehonels fisie Nok ATRt3ae v ee 
ol Cresseeces AORSHISM = mxOF oe dtiw wok ton yiea: dt o ‘ Bs oS 
ol ore eee not vomnilane tit aks ; 
| | se GRER) fodoots txoa As iw oossnauael ivi 
iat Be io ja eee oid ns ‘nok saodREsyt Ow 


~~ 


1 b fon 
peritectic ert eg amon do AUR 






* 


is 
eae 





(d) Preparation of Neurospora single strain cultures.. 


IIIA. Isolation of the hist-2A mutant with Emerson background.. 


IV. BIOCHEMICAL IDENTIFICATION..... ga Pee ea aD, 
(a) Thin-layer chromatography.............. 

i. Chromatography Solvents..... Sa teas 

ify UVP Rivrwscence.:. PAP EPS. OTIS. 

p by Ks Uae CM COOL ODI s o.cu de cas sare os 5 AY 

IV) (ORT EY, ROARGULE < acs cise ke a me ere 

v. Spot application method............ 


(b) UV, Infrared, Mass and NMR Spectroscopy....... BP cg 
PP OAyoravioler- Spéctroscapy OF SS. PIA Ja ee Pa ae aha 
1? PRPCOPea SOE CLLOULCUY ER. a cee ese een rarer see’ mans 
Pee ee COC EE ONCOUY, onda ced end se ee Ra woe Prag ee 
iv. Nuclear Magnetic Resonance Spectroscopy (NMR)... 
(c) Carbon-hydrogen determination......... ane aware Rise ks 
(d) Molecular weight determination.......... See aes 
PAR CITIES es seh HISeRM eras Seat oes ee ae les ose dees oe se he 6 one one Je 


CHARACTERIZATION OF THE EXTRACT OF CROSS Em A x Em a 


(a) Bholoestcat Gtaractertzations......=.. 


pe 


Si 


Li 


iv. 


The Effect of the Extract of Cross Em A x km a 


on wild-type SEIOLNS) ick oo een eae 


The Effect of the Extract of Cross Em A x Em a 


on! Sterile Ietlates 57.) .*.".%.'s's'e's'ss 


ee DBP“ TS a TS oe 


The Effect of the Extract of Cross Em A x km a 


Ge LRAT Ree cy ab ns vir de Fades 


ooo oor ee ee eee 


The Effect of the Extract Em A x Em a on the 


Cross Em A X EM @.....eeeesseeeeeee 


eoeoeeveevee ee ee @ 


<5 


25 


29 


30 


32 




















er j SBI LUD 


O¢ . britosadoad 


«eigenen ceneadaieale () mer 
7: a vila a 


eS (abeeagine ced cceateeeea een ees oc ga. <9 SS SR =— :* 


= : ~ 


is ws wedi eis Rem cee vies 904 sa 6 ew als. wie 9 eee ; ae 
&S ee MeN yeuge "ye 
TL LER CUMROE EE eRe ania ee sega “Vv 
Es A terare crea Sate, « ~qos207499q8 BMY BrB aanM  bexeatnt wu @ Fy, 


in ec hncha ts is eee tetotvexdl¥ yee Ore, | ee 


: ~ I 3, a 
Es eee a eee cena reece csseees UQOSBOTISEGe Beteztnt .kk | ‘ 


t 


As Sees easeeenceewseesese nated ens CQODBORSORGE? BEmM ek RES 


re 
: = : a 7 
oS »»s(A) vgooseoetsosge sonsnoe sh olicngeM apelow) avi . —s 
: * cy * ; “ 
eS Seeder ee eee eee wens MOL EMMI Sb nego sbydeodsso (9). sn 
, 2 ora os 


Oey Siete eisiprsn sg REE dn « solentmeel osiigtae sasbont oe ~ ae =i 


& na. x. 4 mh B2OnS FO 50 ANTS any 40 vormsreeron 


Pees etecnees ene soda tad Se saaneptota oo) ae 


, Sahl x. A a -esor Yo oe x3eat od. Fo zs 
a esac ee 
ie . silt we Pi il _ a _) 








Page 


v. The Effect of the Extract of the Cross Em A x 
Em a on Sterile Biochemical Mutants of Mating 
Type A (St. Lawrence background)............ + By 


vi. The Effect of the Extract of the Cross Em A x 
Em a on Sterile Strain 8455-a (St. Lawrence 
background )2327%2% 0% nae ei gear Ente Sesh Soh egg pee 34 


(b) Biochemical Identifications........ See ie aE Se 


i. Determination of Solvent Systems for Thin- 
Layer Chromatography. .......-«. 4s de alas ae Ure seks She 


diy) Seray wearence’ Téses tii ets Pitt. yn ee ee ais a5 


iii. Biological Test for Activity of Thin-layer 
Se PUCM ECM ROUGE. ne coies stance eee re sks cea os 36 


CHARACTERIZATION OF THE EXTRACT OF STRAIN Em A AND OF STRAIN Em a 
(a) Biological Characterization of the Extracts..... wee 39 


i. The Effect of the Single Strain Extracts (Em A 
or Em a) on Wild Type Strains (Emerson Background) 39 


ii. The Effect of Single Strain Extracts (Em A or 
Em a) on the Crosa Em A x EM a.....ce0s0e stews 39 


iii. The Effect of Single Strain Extracts (Em A or 
Em a) on Sterile Strains of Mating Type A (St. 
PaWeenCe PACKET OUNG eo ices ge eeu Ree ob a a 5 hs ie 41 


iv. The Effect of Single Strain Extracts (Em A or 
Em a) on the Sterile Strain 8455-a (St. Lawrence 
Backeround)...... rr er eee er ee clas uctace ack 41 


v. The Effect of Single Strain Extracts (Em A or 
Em a) on a Sterile Isolate (I-5) from the 'Selfed' 
Progeny Of Ba A... s deecscbertuenewesce cs cuases 41 


(bo), Biochemical, Identitiertiong, .scasaiwecks es ese teen ae 42 
1, Thineiayer Checmtorrsphy scence Vena ade wed 42 

it. Ultevavieler wy) seettritier seer ia smeee wb eedaes 42 
RG UR ig re PON EO ae | Rae eee at or ea aera 42 
iv. Nuclear Magnetic Resonance Spectrum,........... 43 


Vv. SOT OCU LM, Dek baieeeeeweneadaaeeadescenssucae 43 











' \ 
. 
9364 
Pont ~ Salar 
7 . 
“ arg “ + < 4 
c me 220% m3 SATII J 28° 2 
{ - ul = 
’ 4 p . e 
ania 0 .33nosgy rm yt slprses 
ro + - r ; é) 
SE seers aee na en se @@ « LO 4 wk 4T Dt ‘> 
« - - + fq i “+ 
= é {ft bAw LO J964 bas. “J 
id + u 5 4 . is ‘ 
J > yan ( bo MLl6ntso SB.figk 
mrtg st 
. rere eee rea ee er een ere 
: , a ree ee ee Hoo kA- (dy , 
’ rtoer +4 ah yi ae " 
ar, b6@ © 0) 614) din) &,d0are ay eiee Ale tale eo OLAGoTILsIasbk 1892 etts te d 


“inT toi ensde nsvio8 to ceijssqcimyoied wt - 
‘ [ 


- “i . 4 as 
yelentd?T io, ~jivijo&A +02 YaoT Deolkgetokd 285 


. —— » ae “*- Pm Y 
of wee ie + eens Wwe 62m od 0s we omic we bed Ogee II ee 
| i 

md ~LAATE YO a LAACC GO LOABTRE SAL YO MO OL TARLAGTOARAR 
sess. es 23960320 ot to AoktesbissosrenD Isptgoloia~ (a). a 


= il ataazts bund uv to tostin ear: P's 






; oe betes sew Bs x A ma 26 di fo (& of ‘ 
; 16, / a@) 2398%Ieo ningseolaat? io tog teeei ohhh 5. 7 
vw? gntstal io enteurm elivsse f6-(s mi. - 
Li wp ad eae sa aiedie es aaega dv aes « (DIRE Sie oonexwiel,, ie fh) i 
, mest ; ig 
: ese 
Ma) joo ssxd nisije sigaig Jo Joeli em wil» i~atsar 
r 2N9SIwe! ©) 3c) ~CcaS oinase siiasd2 saz oo (8° mi 3 & we 7 
- Le TS See ater e te! Se eee ee ee re MUO!’ owl Li : 












, 20, A. MH)* aJo“rINT nioxe ofgmbe to 199938 of. as a, 
re acs. J Bs . ae " 
“bet: foe.’ S03 moti (2=f 2I6loal aliusse o. a6 (5 a a 
< a, med se ¢, ' 
Lathe A A i ee a a a ee Bs te wane. 7 












7 et ~ 
win tsraia: wie ack 








"it oes 
mA 





- ones et 
. Pes aed ve 





DESCUSSION os cen 


BLEGLOGRAPH Vauoarwr. (ale Teidie PHT HAs ste die af 


APPENDIX 


WE: 


Se 


a 


2 is Ie 


A CUAL Ee ss wialan ecules 0 x Ck wae wee 8 8 6 ne 
eR oe tad ne yay fda wa e's a ald oe 6 0 : 
Moleeu bar vWel ght 9 sce. care warane PURE disor dis hale a 
The Effect of the Extract of Cross Em A x Em a 
ON pin Ag. Wardle <0’ ae\< He SES PMOMEs fhm. Pars ee FB 
The Effect of the Extract of Cross Em A x Em a 
on Mutant, StraingAlbino=As cade . majsjsiereyeye oye seer 
The Effect of the Extract of Cross Em A x Em a 


on Mutant Strain Histidine-2A 


82 


96 







Ey PO cb, «oyu SUR hm a Vande een lasts yienA ay 


te SITEECEERERS Lee Tee rer en 


‘” 
ts aU eee eee eee cee e seca ress Gag TOW aBiuseloM 
at i S:knuw 5 + 0 « ¥ Wa ere, wali es wise Gh sa: Slee 3p 4 lly Gu semen an 










~ 
Ok : ee en cee ce rrr. 2b 0 02 82 6 ee 
. 4 ~ ’ 


L tee oe eerie err rrr ere ee 2¥ 


oom 


; lobzIxh ofS to Jogb¥R aA? + - 
Bs TTR A eee eee eee sen ees e ween nen cs ath MM MO x 


5 
Pr 
a 

Me 
x» 
o 
b- ~ 
ae 
we 
z 


Mi «2 A od exon) lo Josutkw olf to Josie ogy GRE 
acette nee gee @ aise es es eis oe « Asontars Fh os Be | Sah dui 0 


. mG x 4 oh eaor) Jo t9RTIxe old 2O toast oft Eki 
+ re Bawortbi yesh olex3é tietat me | 





Table 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


ui 


LE 


LV. 


Vi. 


VII. 


VIII. 


IX, 


LIST OF TABLES 


DESCRIPTION OF THE STRAINS OF NEUROSPORA CRASSA 


ASIDE ee Bi Rr ee ra ee Ale a a) 


EFFECT OF THE EXTRACT OF THE CROSS Em A x Em a ON 
SINGLE WILD TYPE STRAIN CULTURES (Em A. AND LEM 8)i... 4 


A x Em 
AND Em 


ON SINGLE WILD TYPE STRAIN CULTURES (Em 


DOSE EFFECT OF THE EXTRACT OF THE CROSS Em 
A 


MATING TYPE ANALYSIS OF THE 'SELFED' PROGENY OF Em Asi 


EFFECT OF THE EXTRACT OF THE CROSS Em A x Em a ON 
THE BISEXUAL ISOLATE #1-28..... he diate Ue Ba ccc ceece oe 


DETERMINATION OF THE SOLVENT SYSTEM FOR THE CROSS 
EXTRACT (Em A x Em a) IN ONE WAY ASCENDING THIN- 
LAYER CHROMATOGRAPHY. nsnenascacecccene- Seeeee Kew ess 


SPRAY- REAGENTS (URiey L Here ste. Date. Beetles Like Tas 0 oe ca e's 


EFFECT OF THE EXTRACT OF STRAINS Em A AND Em a ON 
SINGLE STRAIN WILD TYPE CULTURES (Em A AND fm a)...... 


SPRAY-REAGENTS HES DUNS. Sete. MAAR A. ke KAM. ccc ccesnes 


Page 


12 


27 


28 


Appendi:s 


31 


37 


38 


40 


45 


Kt bos 





2ALHAT 10 Tats 


ABAD AZOWOF NA TO SMEARS BHT 40 VOrTERSO@Ed 


iv 
a *seeeecpeneewee eae ss rf ee ee i ee ee a 


iO s mi x A mh e20R0 aur FTO- LOMMEXR ar Ww Loe 


as .. (8 mf GHA A oy SAAULIUS WIANTE AW GQriw a 
a mi x A oi @8049 AHL 30 COARTIG GRY FO: — #200 
BS ...(5 mi GHA A mi) GASUTIUO UIAATS GUYT GW Gonie oO 


gah ..A of FO YuRDOHS 


~ 


~ 


Weg [ty 
aau 


ot 
Oe kcicek coo Meee ak sre ee HTAJOCE JAGKSEIG FHT 


~~ 


= 


THEVMOR ZHT YO BOTTAMIMEANTad 
anO WE ihe oo x A of) TOARTKS 
ves THTANDOTAMORKO AMYAT 


GeORO CHT. AO Me 
“ATHT JuIGVHDSA 


ee ee ee Y 2.2 ee oO eB Rare 


bs Tr 
LG 
YAW 


owe Mee eae 


Re: 


a? y vanhs 


“7 e ¢atvev ease sae ay eo ee we 


YO & 9G Gvusé 


Te ne GA A, 8) 


Gs aoa pies 078) 4oxYT am WIAATS BLOWS 





III olde 


'CAMNe BHT 70 SRevIAMA BE OMETAM 


LNT GO: TOARTSS SHYT FO. ToT: 


ceases Rt THROM UNE a eldeT 


a CHIANT2 QO VOARTXS BHT WO “row ati atest 



















JIT ofdeT 


7 
~ 
| 
a 


Wi ote 


W std 


WW oféer 


Plates I-III. 


Plates IV-V. 


Plates VI-VIIL. 


Plates VIII-IX. 


Plate X. 


Plate XI. 


Plates XII-XIII. 


LIST OF PLATES 


Photographs showing the effect of the 
extract of the cross Em A x Em a on 
single wild type strain cultures, Em A 
(Plate I) and Em a (Plate II), when 
compared with untreated control 

WEE Ce hie Asiake tiie: axe + aitharein sanincackincte « 


Photographs showing the dose effect of 
the extract of the cross Em A x Im a 
on single wild type strain cultures, 
(Em A and Em a), when compared with 
untreated control (upper left corner). 


Photographs showing the effect of the 
extract (Plate VI) of the cross Em A 

x Em a on a cross I-5 (sterile) x Em a 
(wild), when compared with the untreated 
control (Plate VII). I-5 (sterile) is 
an isolate from the 'selfed’ progeny of 


Emo Ane sraimd > giniaia ee 80 a6 ae eoeooenve eoeceeveevee ee 


Photographs showing the effect of the 
extract of cross Em A x Em a on isolate 
#1I-28 (Bisexual, self-sterile, Plate 
VIII), when compared with the untreated 
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Photograph showing the effect of the 
extract of cross Em A x Em a on a bio- 
chemical mutant of hist- 2A, “when 
compared to untreated onueetd aeaitae a, 


Photograph showing the effect of the 
extract of cross Em A x Em a on the cross 
Em A x Em a (wild types), when compared 
with the untreated control (photographs 
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Photographs showing the effect of the 
extract of cross Em A x Em a on a cross 
5366-A (sterile) x Em a (Plate XII), when 
compared with the untreated control 
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Plates XIV-XV. 


Plate XVI. 


Plate XVII. 


Plate XVIII. 


Plates XIX-XX. 


Photographs showing the effect of the 
extract of cross Em A x Em a on the cross 
7232-A (sterile) x Em a (Plate XIV) and 
10710- A x Ema (Plate XV), when compared 
with untreated controli....ccccssccececes 


Photograph showing the effect of the 
extract of cross Em A x Em a on the cross 


9312-A (sterile) x Em a, when compared 
With tneanntreated. comptrol. «cscs eveviiwccc 


Photograph showing the effect of the 
extract of cross Em A x Em a on the cross 
10402-A (semi-sterile) x Em a, when 
compared with the untreated control...... 


Photograph showing the separation of com- 
pounds of the cross extract (Em A x Em a) 
by thin-layer chromotography with a 3:1 
(v/v) chloroform-benzene solvent system. 
The arrow indicates the direction of the 
flow of the solvent. The fluorescence of 
the compounds under UV light of 2540 

has been marked accordingly. (B = Blue, 

LB =pdight-Browwei.Le) 2% Ay SO 


Photographs showing the effect of the 
extracts of single strains Em A or Em a 
on wild type strain Em A (Plate XIX), 
when compared with untreated control 

CP lett hove arankaaeane .AGLMAAGS ANA As. ot 


Plates XXI-XXII. Photographs showing the effect of the 


extracts of single strains Em A or Ima 
on the cross Em A x Ema (Plate xr), 
when compared with untreated control 
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Plates XXIII-XXV. Photographs showing the effect of 


extracts on single strains (Em A or Em a) 
on the cross 5366-A (sterile) x Em a 
(Plates XXIII and XXIV), when canpared 
with untreated control (Plate XXV)...... 
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Plate XXVI. 


Plate XXVII. 


Plate XXVIII. 


Plate XXIX. 


Plates XXX-XXXII. 


Plate XXXIII. 


Plate XXXIV. 


Plate XXXV. 


Plate XXXVI. 


Photograph showing the effect of extracts 
of single strains (Em A or Em a) on the 
cross /232-A (sterile) . x Em a, when com- 
pared with untreated control.........20. 


Photograph showing the effect of extracts 
of single strains (Em A or Em a) on the 
cross 10710-A (sterile) x Em a, when 
compared with untreated control.......... 


Photograph showing the effect of extracts 
of single strains (Em A or Em a) on the 
cross 9312-A (sterile) x Em a, ~ when 
compared with untreated control.......... 


Photograph showing the effect of extracts 
of single strains (Em A or Em a) on the 

cross 10402-A (semi-sterile) x Em a, when 
compared with untreated control.......... 


Photographs showing the effect of the 
extracts of the single strains Em A 
(Plate XXX) and Em a (Plate XXXI) on the 
cross I-5 (sterile) x Em a, when compared 
with untreated control (Plate XXXII)..... 


Photograph of a thin-layer chromatogram 
of single strain extracts (Em A and fm a). 
The solvent system utilized was 3:1 = 
chloroform-benzene solution (v/v). The 
arrow indicates the direction of the flow 
of the solvent. The fluorescene of the 
developed spots was marked by pencil 
under UV light of 25408 (Bw. Ble ) tu cone in 


Photograph of the UV spectrogram of single 
strain extracts of Em A and Em a......... 


Photograph of the IR spectra of the single 
strain extracts of Em A and Em a.,,....... 


Photograph of the NMR spectra of the 
single strain extracts of km A and Em a,, 
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INTRODUCTION 


Moreau and Moruzi (1931, 1932) were the first investigators 
who demonstrated the existence of 'sex-hormone(s)' in Neurospora 
with the aid of classical U-tube experiments. Although Dodge (1931) 
and Aronescu (1933) were unable to confirm these findings, Lindegren 
(1936) and later Moreau and Moreau (1937, 1938) put forward evidence 
in favour of their existence. After the initial investigation by 
Moreau and Moreau (1937, 1938) interest in the fertility and sex-inducing 
substances in Neurospora declined and it was not until the work of 
Barbesgaard and Wagner (1959) that a new impetus was given to this 
area of research. These latter authors investigated the biochemical 
basis of protoperithecia formation in Neurospora crassa and reported a 
relationship between melanin synthesis and protoperithecia development. 
Meanwhile, Ito (1956) reported on the effect of culture filtrate of one 
mating type on the other and also of the filtrate from a fertile mating 
on either of the individual mating types. The present study constitutes 
a preliminary assessment of fertility and sex-inducing substances as 
obtained from fertile crosses and single strains of N. crassa by means 
of biochemical extraction procedures. Since these substances were 
found to be active in enhancing the development of protoperithecia, 
protoperithecia-like bodies and perithecia when used in minute quantities 
on wild type crosses, it was decided to test their activity on known 
female and male sterile and semi-sterile mutants and on single strains 
of either mating type. A gross description of these effects has been 
given. The evidence for the presence of biologically active compounds 
in cross and single strain extracts of N,crassa encouraged a recon- 


naisance into their biochemical identification. 
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LITERATURE REVIEW 


The activity of specific diffusible substances in the 
initiation and regulation of the sexual process in fungi was first 
suggested by Sachs and De Bary in the 1880's. However, during the 
next 40 years no confirmation of this concept became available. Burgeff 
in 1924 demonstrated cross-stimulation between compatible strains of 
Mucor mucedo growing on opposite sides of a celloidin membrane. This 
observation provided for the first time a strong indication for the 
existence of substances active in the regulation of sexual processes. 
In the succeeding quarter century, the presence and biological 
activities of similar substances have been proven in a number of sub- 
groups of Phycomycetes and Ascomycetes: (1) in Achlya: Raper, 1951; 
Barksdale, 1960; (II) in Mucor: Banbury, 1954; 1955; Plempel, 1957; 
Plempel and Baunitzer, 1958; (111) in Ascobolus: Bistis, 1956; 1957; 
(IV) in Allomyces: Machlis, 1958a; 1958b; (V) in Saccharomyces: 


Levi, 1956; and (VI) in Bombardia: Zickler; 1952. 


Sexual hormones may be defined as those substances "secreted 
by the individuals of the same or of closely related species as that 
in which their highly specific activities are elicited" ... (Raper 
1960, p. 800). Secretions of a more general nature such as vitamins, 
amino-acids, purines and other growth accessories that frequently exert 
a marked effect upon sexual productivity are not included in the group 


of sexual hormones, 


Raper states that ..,."Coordinating mechanisms operating 


between the individuals by means of sexual hormones might be expected 

























ere 
") 

¢ or 
AIO ty : Rs i a3 
: WaSVA SAVPARAPT , ee. 

> ay = ; ; ; i - cr : " 
adi ni esonstadue sidisu®iib oftiseqe Io a iin» ortt te - 

or Ve = ”) 


Jeti? aew ignult ak eesoo7rg rile os 30 cola bose se 
adj guixub .vovewoH .a'088L oda mk ered of bhe adoee bis besesggue. 
us oe” iat 


jarvh .oldslisva sorsosd Jqeon0d Gia, to no tient? nee on axEey O# aren 


oo 
ia 


to enisiia sldistaqaoo asewied nofitelumiza-eeors badesienomeb — a 
aint sneidmasia ofbfoilss s to ssbre si Llaogqo no gniwouk 9 steam zoauil 
d2 to) noitsoibni gnoxie 6 ouik a’ - ext? odd 20% babtvorg: nokvevisedo o 
. 4q a 3 = 
,2agesoutg leuxsa lo sotitsluget eft ul. sviszes ‘pesnpandus %6 soneretxe a 
i —_ < wat ¢ 
Isoinolotd hns sonmsestg ae vie <uIao 103 2mMp atk basa, fe al ae 
.* a. 
-dyg jo soduudt 2 -at fovorg mead asi aconmjadue xwalimta 2o settividos : 
. - ; : xa : ; ns f a = 
a ve: a ia ~~ A > 5 ui 
:f20L .soqsi s:eyldok oi (i) :aeseoqmpoeA bas alate nated ci 20 squoyg 


sVeel ,fsqi rot g eas | sb@el ,yundued zx0ouM af AES), : joaes wolebexzed & 
: : Ave *s a 
Teer qoelk arakd veufodosas ak (JIL) ;82el a bre tognels be 


sesoymozedoone at {¥) ~deees ,e8eel «at Liddoait gegen tts pe wD 


Seki ytolslei® tpbbasdmod ab cy | tee peer ‘vat | 


baaeipoa” aponsiadna saodt eas benttsb ed. yam somone taunt *: id ge 






reek 
Te 


.- MB io ts ath soktividos —— “elie ated fdas 


i 


on rational grounds to have evolved in those groups of organisms that 
inhabit an essentially aquatic environment and lack highly specialized, 
hence insulating, structural forms. Under these circumstances, distinct 
selective advantage would accrue to a species the individuals of which 
could interact sexually to diffusing metabolic products. Coupled with 
sexual or incompatibility differentiation, interaction dependent upon 
diffusing agents limits sexual activity to compatible individuals in 
close proximity, hence with the best possible prospects for the cul- 
mination of sexual process. In the forms having more highly elaborated 
structure, vegetative and sexual activities are not so nearly mutually 
exclusive and early stages in the sexual progression are internally 
regulated either without coordination between the individuals or 
coordinated by common external stimuli, e.g., photoperiod. Mechanisms 
regulating the entire sexual progression by means of secreted hormones 
thus appear likely and have been found among plants only in the Algae 


and Fungi" ... (Raper, 1960, p. 800). 


That the initiation and coordination of the stages in sexual 
progression are controlled by hormonal mechanisms, has been demonstrated 
in considerable detail in a number of fungi. Good evidence has been 
found in Achlya, an aquatic biflagellate Phycomycete (Raper, 1951; 
Barksdale, 1960), Mucor, a Zygomycete (Burgeff, 1924; Krafczyk, 1935; 
Banbury, 1954; 1955; Plempel, 1957; Plempel and Braunitzer, 1958) and 
in the Discomycete, Ascobolus (Bistis, 1956; 1957; Raper, 1957). In 
addition to these cases there are a few reports of hormonal activities 
in certain single stages of sexual development in yet other groups of 


fungi, such as Allomyces, (Machlis, 1958a, 1958b) in Saccharomyces, an 
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an Ascomycete (Levi, 1956), and in Bombardia and probably Neurospora 


of the Pyrenomycetes (Zickler, 1952; Backus, 1939). 


In recent studies (Levi, 1956; Brock, 1958a, 1958b, 1959) 
relating to the phenomenon associated with interclonal copulation of 
haploid yeast, a controlling mechanism for sexual interaction of 
different strains has been suggested. Levi (1956) has reported that 
for haploid strains of Saccharomyces cerevisiae the induction of 
copulating hyphal processes occur only amongst a (-) cells when mated 
with qa (+) cells, grown on malt agar. The inducing agent was demon- 
strated as a diffusible one. Hyphal processes were developed on a 
cells when placed on agar following the removal of copulating a and g_ 
cells from the plate. Similarly, hyphal processes were induced amongst 
a cells when separated from &% cells by a cellophane membrane. The 
diffusible agent, the de novo inducation of the copulatory processes 
and the specificity of reaction, all seem to be indicative of the 


existence of hormonal regulatory mechanisms. 


Brock (1958a, 1958b, 1959) suggested a biochemical basis for 
agglutination of (+) and (-) cells of heterothallic yeast Hansenula 
wingei. He postulated that a protein is present on the surface of 
cells of one strain and a polysaccharide on the surface of the cells 
of the compatible strain. Agglutination of these two substances is 
presumed to be a prerequisite for sexual fusion. It was envisaged 
that agglutination depends on a complementary interaction of the two 
essential substances somewhat similar to the mechanism of an antibody 
- antigen reaction. However, in a recent report the two substances 


have been identified as glycoproteins (Brock and Crandall, 1968). 
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In addition, it was found that these substances were situated on the 
surface of the cells of the respective mating types. Surface-borne 
glycoproteins have also been reported in two species of Chlamydomonas 
(Forster and Wiese, 1954, 1955; Foster et al., 1956). These glyco- 


proteins are essential in the clumping of sexually compatible gametes. 


That the diffusible agents are capable of restoring normal 
sexual function has been demonstrated in Glomerella by Markert (1949) 
and by Driver and Wheeler (1955). Markert (1949) reported that 
diffusing agents from a "weakly-self-fertile" strain are able to restore 
normal fertility in a mating between two "weakly-interfertile strains." 
Driver and Wheeler (1955) reported that the addition of filtrate of a 
normal strain increased the frequency of fertile perithecia in a 
defective strain from about 2% to as much as 97% when compared with non- 


treated wild-type crosses. 


In Neurospora, the presence and activity of 'sexual hormone(s)' 
has been a subject of much controversy. Their existence has been 
demonstrated by some investigators, while others were unable to 
corroborate these results, In 1931 Moreau and Moruzi claimed to have 
demonstrated ‘sexual hormones' in Monilia, nowadays know under the 
name Neurospora, A U-tube filled with medium was inoculated at one end 
with strain M (isolated from a decaying mushroom) whereas the other end 
was inoculated with the original Dodge strain N. Although single 
strain cultures produced only small protoperithecia, in the U-tube 
culture the arm containing the strain N showed the development of large 
size perithecia (sclerotia) while in the arm containing strain M 


normal mature perithecia (sclerotia) were observed. Small portions 


of the agar content of the horizontal section of the U-tube were cut 
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out and incubated under humid conditions. No growth was observed; 
therefore, it was concluded that no hyphal growth between the two ver- 
tical ends of the tube had occurred. In the view of these authors, 
(loc. cit.) the production of perithecia was due to the action of 
diffusible hormones passing from one mycelium to the other through 

the solidified medium, However, in the same year Dodge (1931) 
repeated the U-tube experiments, using one conidial strain and one 
non-conidial strain. Perithecia appeared in the ends of the tubes 
only when air’ spaces were formed by the shrinking agar medium and, 
therefore, were present throughout the greater portion of the length 
of the horizontal part of the U-tube. In cases where perithecia were 
initiated it was shown that both the strains, conidial and non-conidial, 


were present in the medium in the immediate vicinity of the perithecia. 


In a subsequent paper Moreau and Moruzi (1932) claimed to 
have provided further evidence for a distant hormonal action in the 
induction of perithecia. Their new observations pointed to the 
presence of a wide "restraint area'’ in the region where compatible 
mycelia intermingle, together with the occurence of perithecia on 
either side of this area. Similar observations were made twenty years 


earlier by Dodge (1912) in Ascobolus., 


In the following two years two papers by Aronescu (1933, 
1934) subjected the hormone theory to intensive genetic analysis. 
Using compatible conidial and non-conidial strains and the U-tube 
technique, asci were isolated from perithecia whenever they appeared, 
and the sexual and conidial characteristics of the mycelia derived 


from the eight separated spores of each were determined, Theoretically, 


s ‘ : vie b. pe: oe aay 





a >. 
Ps * a 
ibovusado Baw haart -o _eiGkahinien biwwel atthe tn ae: io, | 
«toy ows oda neswaed divove Iadqenl on: ace bebulonod aew. 21 yeuodoxera “a 


,atonsue sgads to wolv ad al .borsyseo bed odud ana) osha teats 
#0 moldos of3 of oub aaw Gi: yond aaa Yo aolsouboxq. oda (ake 26) 


quest nisi ofa of nist Looms ao mo7! guleesq eenomroll oidtansteb 


F tae 
ten 
fe 


Of) oghod ss0y ome oft of dovewol mukbem betiibifos edad © 


ofio bas ainrte Iskbinos sno gntaw ,sdoomizsqxes sdag-U nied seinen de 


¢odux sit Yo absa ofa ak neieetme sioontiazed oiesse. Ingbhnoa-n0n 
Be ( v 3 


has mwkben 1s98 egmtlakurie asia vd bowrol saath aoonga’ tas nari ino "ar 


® 
ae , ; ) 


dignel acd2 io. norTIOG tsI sta ods suariguo is asian, sitaW seroterald 


gtew sinotiziusg oxetlw asaso ft 8 .sdude suf3 To. sung Isinosison Pr a0 


| 


jkibknods-on bus Is: tb ENS enisiie sft daod sends tadaitea asw at ceapeee 
Stosdzitsg 4d3 w ytinisiv sieivs odin eda ot anibsa ‘ont a aie — 
} 


od ‘bomisio (SEeL) iguriol bie usoi0M 1sqsq jnsupgadue eat sy 


a 
sta si goftos Lusccead. tnt aid 5 103 gonabive $a3 2% bebivorq oved : 


- 


anit ot botniog afottn es wast abot -toad3229q to nofttoubat- a 

~, vo 2/- i. os = 

eldisn smo ov onlin nloiget of ot "soum trutestees" obi ® 2o- emrm: ; 
bos ‘gem ¥ 

1G eioatldivog 20 9 gunaxuace afd Poth sod3goa -aigaturose atten 





three possibilities exist: a) segregation due to syngamy of both 
factors in a perfectly normal Mendelian ratio; b) no segration for 
both factors, all spores alike and identical to the parent strain, 
('selfing' of a single strain under hormonal influence of the other); 
c) segregation for the sex factor, but conidial character always that 
of the 'sole' parent). In the analysis of about 50 asci the first 
situation was obtained for each ascus, proving conclusively that the 
distance between the two ends of the tube has been bridged by hyphal 
growth and that compatible nuclei has been brought together. The 
same results were again obtained when the work was repeated using the 
same strains as used previously by Moreau. Aronescu also disputed 
Moreaus' further claim that two different mycelia (but of same mating 
type) when grown together on a single plate, produce perithecia, In 
many trials her results were uniformly negative (see Raper, 1952, 


Thais 59 


Lindegren (1936) claimed to have confirmed the existence 
of sex hormone(s) in Neurospora. A bisexual, heterokaryotic, self- 
sterile strain (containing f+ and f- nuclei which were incapable of 
copulation because of sterility factors), was mated to a highly fertile 
mutant strain (F+). Two kinds of zygotes resulted: (1) f£+/f- and 
F+/f-. According to Lindegren hormones from the F+ strain had enabled 
the sterile strains (f+ and f-) to copulate, Although in their 
initial investigation, Moreau and Moruzi (1931), assumed that their 
wild type Neurospora strains were homokaryotic and that hormones 
had stimulated them to reproduce parthenogentically, in the light of 
Lindegren's work their strains were probably bisexual and self-sterile, 


and hormones possible supplied an essential substance for fruiting. 
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8. 
Commenting on the work of Dodge and Aronescu, Lindegren (1936) states 
that: "in Dodge and Aronescu's experiments homokaryotic (+) and (-) 
strains were used in two arms of the U-tube. Such an experiment 
cannot test the production of hormones, They also used single conidium 
cultures of the Moreau and Moruzi wild strain in an attempt to reproduce 


' According to Lindegren (loc. cit.) 


Moreau and Moruzi experiments.' 
such an experiment is'"particularly liable to fail because by making 


single conidium isolates, the heterokaryon is easily separated", 


(Lindegren, 1936, p. 405). 


In 1937 Moreau and Moreau described experiments in which they 
introduced further evidence in favour of the existence of sex-hormones 
in Neurospora. Ina cross of N. sitophila with N. tetrasperma some 
asci were detected which contained spores of the tetrasperma type, It 
was, therefore, concluded that the origin of these spores stemmed 
from the 'selfing' of tetrasperma type nuclei under the influence of 


'sex-hormones', 


A final paper by Moreau and Moreau (1938) cited new but 
convincing ‘evidence’ for hormonal activity in Neurospora. Mycelia 
of one sexual strain, growing on an agar plate, wre heated for ten 
minutes in steam at atmospheric pressure to kill the vegetative thallus. 
One centimeter square blocksof agar were cut out from this plate and 
placed on the surface of a living mycelium of a strain of opposite 
mating type. It was observed that perithecia developed on this 
compatible strain, A negative result was obtained if the temperature 
was raised to 110°C. At a killing temperature of 90°C-94°C perithecia 


were formed in every case, Later Moreau (loc. cit.) treated the 
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mycelium by ether or chloroform vapour instead of heat-killing and 
obtained similar results. In their conclusion they stated that the 
results indicate the presence of hormones in the medium of the killed 
thallus which subsequently on transfer initiated perithecia in the 
compatible strain. However, no genetical analysis of the sex and 
conidial characters of the progeny from 'induced' perithecia was 


carried out. 


Backus (1939), while studying the mechanics of ascogonial 
fertilization in Neurospora sitophila, observed two phenomena which 
indicated hormonal activities. It was found, for instance, that the 
germination of conidia was completely inhibited in regions previously 
overgrown by mycelium of the opposite compatibility strain. This 
effect was interpreted as being due to an inhibiting substance, 
provided by the opposite mating type. In addition, it was observed 
that the long sparsely branched trichogyne did not produce short 
lateral branches in the absence of conidia, micro-conidia or hyphal 
fragments of the opposite compatability strain in the immediate 
vicinity. In the presence of potential fertilizing elements, one to 
several lateral branches were regularly observed to arise upon the 


trichogyne and grow directly towards the source of the fertilizing nuclei. 


Hirsch (1954), and Barbesgaard (1959), nearly two decades 
after the publication of Backus (loc. cit.), provided some information 
with regards to environmental and biochemical factors involved in 
protoperithecia formation and postulated that the incidence of proto- 
perithecia development is directly proportional to the melanin content 


of the fungus. 
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10. 

Meanwhile, Ito (1956) reported the effect of culture filtrate 
on the induction of protoperithecia formation in Neurospora. He found 
that the filtrate of medium containing mycelia of a single strain of 
either mating type was less effective in stimulating perithecia formation 
than the filtrate of medium containing mycelia of both mating types. The 
effect of mixed culture filtrate was found to surpass the additive effect 
of two single culture filtrates of each mating type. This observation 
was taken to indicate the presence of a cooperative but unknown second 
factor in the mixed culture filtrate. In fact, the single culture 
filtrate of one mating type stimulated the formation of (proto) perithecia 
on mycelia of opposite mating type; although these (proto) perithecia 
failed to produce asci and ascospores, Ito (loc. cit.) concluded that 
the formation of perithecia on the haploid vegetative thallus of one 
mating type was stimulated by a diffusible substance secreted by mycelia 
of the opposite mating type, quite irrespective of sexual fusion of both 


mating types. 


Finally, Ahmad et. al., (1967) reported that filter steri- 
lized cross mycelial extract increased the fertility of semi-sterile 
mutants of the lys-5 locus. Mycelial extracts of single strain cultures 
(either Em a or leu-l A) as well as culture filtrates (Em a,leu-l A and 
Em a x leu-1l A) did not have a positive effect on the restoration of the 


weakly-fertile mutants of the lys-5 locus. 
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MATERIALS AND METHODS 


i OC 

All of the strains of Neurospora crassa used in the present 
study were obtained from the Fungal Genetics Stock Centre, Dartmouth 
College, New Hampshire, except for the sterility mutants (5366-A, 
7232-A, 10710-A, 9312-A, 10402-A.and 8455-a) which were obtained 
from Dr. N. Vigfusson, Descriptions of the strains employed are 


given in Table I. 


2. Media Used: 

(a) Minimal medium (Vogel, 1956): Vogel's medium (N), when 
necessary supplemented with 100 mg/1000 ml. of required amino acids, 
was used throughout the investigation, 

(b) Crossing medium: The crossing medium was basically 
that of Westergaard and Mitchell (1947) with slight modifications as 
outlined in the Stanford Neurospora Methods (1963). Biochemical 


requirements were added when necessary (100mg/1000 ml. of medium). 
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Table 


- I 


DESCRIPTION OF THE STRAINS OF NEUROSPORA CRASSA USED 


(a) 


Stock 


FGSC 


FGSC 


FGSC 


FGSC 


FGSC 


FGSC 


Stock Cultures, 


No. 
691 
692 

45 fl 
732 hist-2 


668 hist-2 


99 al-2 





Marker 


Allele No. 


Emerson-A - 


Emer son-a ~ 


Lindegren (L) 
K 271 
Y 153M43 


15300 


Linkage Group Mating Type 
IV R A 
IV R a 
de A 
IR a 
I R A St. 
Lok A 


(b) Sterility mutants (obtained from Dr. N. Vigfusson). 


Group 
1 


2 


3 


Isolate 
No. 


5366 


9312 


Biochemical Mating 


Type 


Marker 

pan-1 A 
leu-3 A 
leu-3 A 
leu-3 A 


Description 


Completely sterile, 
producing only abundant 
very small brown proto- 
perithecia. (1) 


Abundant small brown 
protoperithecia with 
occasional mature 
perithecia, (2) 
abundant normal 
ascospores. 


Abundant immature brown 
perithecia, ostiole 
absent, no spores, 


LZ; 


Remarks 


Emerson background 
Emerson background 
Lawrence background 


Mixed background 


Remarks 


Male and female 
sterile. 

St. Lawrence back- 

ground, UV inducec 


Male and female 
sterile. 

St. Lawrence back- 

ground, UV 

induced. 


Male and female 
sterile (as a 
female parent 

it produces a 

few perithecia 
with spores). 

St. Lawrence back- 
ground, UV inducec 
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Table - I (Continued) 
Isolate Biochemical Mating 


Group No. Marker Type 
4 10402 leu-3 A 


5 8455 wild 
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Description Remarks 


Abundant normally pig- Male and female 
mented but immature sterile (semi- 
perithecia; perithecia sterile). St. 
empty or containing few Lawrence back- 
spores, ground, UV 
induced. 


Produces some perithecia Male sterile. 

with spores (semi-sterile) St. Lawrence 

when used as male parent. background, 
UV induced. 


1) Although protoperithecia are defined as the female sex organ 
(unfertilized) surrounded by a thick web of "mantle" hyphae together with 
numerous radiating hyphae, the present author necessarily had to include 
protoperithecia-like bodies within this classification which in a mature 
cross do not develop into perithecia and hence may be devoid of an asco- 
gonium. Protoperithecia initials not visible under 2X magnification 


were not taken into account. 


2) Perithecia defined as fully developed fruiting bodies after karyogamy. 
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14. 
3. Methods: 
I. Culture of strains: 

(a) Culture of crosses: For the extraction of Sex and fer- 
tility inducing substances from an established cross between wild type 
strains with an Emerson genetic background, 15 ml. of sterilized 
liquid crossing medium was poured in a single petri dish (size 100 x 
15 mm.) in which 5 sheets of sterilized filter paper (#1, 0 9 cm.) 
were placed for the support of mycelial growth. The 15 ml. of liquid 
crossing medium was entirely absorbed by the amount of filter paper 
in each petri dish. Inocula of both Em A and Em a were made simul- 
taneously on the filter paper close to one another and the culture 
was incubated at a temperature of 23° C to 26° C for three weeks, 
by which time free ascospores could be detected. In some experiments 
the cultures were allowed to grow only for two weeks. Usually, 50 


plates were grown in a single experiment, 


(b) Single strain culture: In single strain cultures, the 
same procedures as mentioned under the heading ‘culture of crosses' 
were employed. Minimal medium was used for culturing single strains. 


(see page 11). 


II. Biochemical Procedures: 
(a) Water extraction: Extraction was made after two or 
three weeks,of incubation of mycelia. The filter papers (50 x 5) 
with the adhering mycelia were soaked in 3 litres of sterilized dis- 
tilled water for about two hours under occasional stirring with a 
glass'rod. Subsequently, the water was decanted and the filter 


papers with the mycelia still adhering were soaked again in an 
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additional 3 litres of sterilized distilled water. In total, 6 litres 
of water-extract were obtained in this manner. The water-extract was 
then filtered through a filtering apparatus composed of 8 layers 
of cheese cloth together with a thick glass wool-pad and finally 3 


layers of Whatman filter paper #1. 


(b) Charcoal extraction: Five grams of activated charcoal 
(Norit-A) was added to 500 ml. of the sterilized water extract (see 
page 14). The mixture was agitated for a few minutes after which it 
was kept at room temperature for about 3 hours. By this time the 
charcoal in the mixture had sedimented at the bottom of the flask. 
Subsequently, as much water as possible was decanted without disturbing 
the charcoal sediment. The remaining water together with the charcoal 
was then filtered through Whatman filter paper #1 and the charcoal 


so collected was dried at room temperature, 


(c) Solvent extraction: 
i. Extraction with chloroform 

Three hundred ml. of chloroform (reagent grade) 
was added to the dried charcoal (see above) and agitated vigorously 
for a few minutes. The mixture was kept at room temperature for about 
three hours under occasional and mild agitation, after which the chloro- 
form mixture was filtered twice through 5 layers of Whatman filter paper 
#1 ensuring a complete separation of the two components. This extraction 
procedure was repeated once more and finally about 500 ml. of 
chloroform extract was obtained in this manner. The extract 
was then evaporated to dryness under vacuum suction, The residue, 


consisting of a thin film of an oily substance was redissolved 
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in 15 ml. of chloroform, collected in a specimen vial and kept under 


refrigeration. 


ii. Extraction with Chloroform - Methanol Solution 
Three hundred ml. of 2:1 chloroform - methanol 

solution (Folch et al., 1957) was added to the charcoal obtained from 
a water extraction procedure and kept at room temperature for three 
to several hours under occasional agitation after which the solvent 
was recovered by filtering the mixture twice through 5 layers of Whatman 
filter paper #1. This extraction and filtration procedure was 
repeated and a total of about 500 ml. of extract was obtained in this 
manner. Distilled water (0.2 by volume) was addéd to the extract 
after which the mixture was allowed to separate into two layers. The 
bottom layer (chloroform-methanol layer) was collected and evaporated 
under vacuum Guction)to dryness. The thin film of the resulting oily 
residue was redissolved in 15 ml. of chloroform and kept under refriger- 


ation. The top layer (water) was discarded. 


iii. Extraction with Acetone 
The procedure for acetone extraction was basically 
the same as the one used for the extraction with chloroform except for 
the fact that acetone was used instead of chloroform. The final 
residue after evaporation of acetone consisted of an oily film which 


was redissolved in acetone and stored under refrigeration, 


iv. Extraction with Ethyl Alcohol (95%) 
The alcohol extraction procedure was the same as 


mentioned for chloroform except that 95% alcohol was used as the 
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solvent. In all cases, the alcohol extract on final evaporation did 
not yield a visible residue. 

On preliminary testing of the different extracts 
on wild type crosses it was found that the chloroform, the chloroform- 
methanol and acetone extracts showed biological activity in enhancing 
the number of perithecia, The alcohol extract showed no effect. The 
chloroform extraction procedure was adopted as the standard extraction 


method for later experiments. 


(d) Purification of the extracts: 

For the purification of Neurospora extracts (chloroform 
and chloroform-methanol extracts) the method followed was basically that 
of Folch et al., (1957) for lipids. Re-distilled water (0.2 by volume) 
was added to the final extract, mixed thoroughly and the mixture was 
allowed to separate into two layers for 15 to 30 minutes after which 
the upper layer (water) was siphoned off carefully and discarded. The 
process was repeated once more, after which the solvent layer was stored 


under refrigeration. 


III. Biological Characterizations: 

(a) Preparation of culture plates: Westergaards's standard 
crossing medium was used throughout the preparation of crossing plates. 
Initially, 15 ml. of sterilized crossing medium was poured in each petri 
plates (100 x 15 mm.). In later experiments, however, 20 ml. of the 
medium was used per plate to prevent drying out of the plates during 


the incubation period. 
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18. 
(b) Addition of extract: 

The amount of extract supplemented to each plate was 
0.1 ml., unless stated otherwise. The extract (0.1 ml.) was either 
(1) dried on a sterilized triangular piece of filter paper which was 
then placed at the center of the agar plate, or (2) pipetted directly 
onto the plate 

Preliminary tests using an Em A x Em a extract (0.1 ml.) 
in the amount of 2 ug/plate produced an enhancement of protoperithecia and 
protoperithecia-like bodies development in an Emerson A culture. The 
same quantity of extract produced a three-fold increase in the number 
of perithecia produced by the cross Em A x Em a. 

Filter-paper triangles were made by cutting a filter 
paper (#1, $6 5.5 cm.) into four equal parts. 

The control consisted of a test for possible biological 
activity of chloroform on the development of protoperithecia and 
protoperithecia-like bodies. For the preparation of control plates, 

500 ml. of chloroform was evaporated to 15 ml. and from this volume 
0.1 ml. was added either directly to each of the control plates, or 
onto triangular filter paper pieces placed at the center. In each 
case the extract was checked for possible bacterial or fungal contaminants 


by plating 0.1 ml. of extract/plate. 


(c) Preparation of Neurospora crosses: 
i. Cross of wild types (A x a) and A (sterile) x a (wild) 
The crossing plates were prepared with 20 ml. of 
sterilized Westergaard's crossing medium. Each crossing plate was 


inoculated at two diagonally opposing locations, close to the circumference 
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29. 
of the petri dish, one location for the inoculum of mating type A and 
the other for a. Each experiment was replicated at least 5 times. The 
crosses were allowed to grow at room temperature at 23° C to 26° ¢ for 
three weeks. Observations were made at 7-day intervals. Photographic 
documentation of the experiment was carried out after 21 days of 
incubation. 

ii. Cross of fluffy - A x a (ale sterile) 
The morphological mutant fluffy - A was grown as 
a protoperithecial strain. Five replica plates each with extract 


added (at the center of the plate) were incubated for 72 hours at 23° C 


to 26° C together with 5 control plates (without extract), after which 
all plates were spermatized with 0.5 ml. of conidial suspension of the 
male sterile strain 8455-a (conidial density 2.6 x 106 per ml.). 

Observations were made weekly. Photographic documentation was carried 


out after 21 days of incubation. 


(d) Preparation of Neurospora Single Strain Cultures: 

Crossing plates were prepared with 20 ml. of sterilized 
Westergaard's crossing medium. Each crossing plate was inoculated 
close to the circumference of the petri dish with either an Em A or 
an Em a wild type strain. Each experiment was repeated at least 3 times 
(usually 5 times). The single strain cultures were allowed to grow at 
2A « Guto 26° C for three weeks. Observations were made at 7-day intervals. 
Only visible (magnification 2X) protoperithecia and protoperithecia-like 


bodies were counted. 
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20. 
IIIA. Isolation of the hist-2 A, mutant with Emerson background: 
Em A was grown as protoperithecial strain, After 72 hours of 
incubation the plates were spermatized with conidia from hist-2 a 
(Emerson background) mutant after which the plates were re-incubated at 
a temperature of 23° C to 26° C for approximately three weeks until 
"spore shed' could be observed. Seventy-five single ascospores were 
isolated and after a heat shock at 60° C for 30 minutes these ascospores 
were allowed to germinate on a histidine-supplemented minimal agar 
medium, After selection of histidine-requiring segregants, mating type 
tests were performed on these isolates by crossing them to both Em A 
and Em a. Only one of the hist- isolates was found to be of mating 


type A. 


BIOCHEMICAL IDENTIFICATION: 
(a) Thin-layer chromatography 

Thin-layer chromatography was carried out with an East- 
man chromatogram developing apparatus. This apparatus consists of a 
sandwich-type chamber with a small internal volume enabling fast saturation 
with solvent vapour. A consistency of results was obtained with this 
apparatus throughout experimentation. Either full 20 x 20 cm. sheets 
or cut strips of silica gel were affixed between the plates, supported 
in such a manner that the eluant was able to travel by means of surface 
tension. In addition a conventional thin-layer chromatography tank was 
employed. Due to the resulting inadequate separation this method was 
abandoned at an early stage of experimentation. The determination of 
suitable solvent systems was initially carried out in wide-mouth bottles 


of about 15 cm. height (vol: 500-600 cc.) using silica gel strips. 
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ie Chromatography Solvents 


To determine the best solvent system for the separation 
of the compounds the following solvents were tried: 

1. Chloroform/Benzene: (3:1, 4:1, 6:1 v/v) 

2. Benzene 

3. Hexane 

4. Carbon Tetrachloride 

5. Propanol/Ammonia (25%) (2:1 v/v) 

6. Propanol/Water (7:3 v/v) 

7. Butanol/Acetic Acid/Water (80:20:20 v/v) 

8. Hexane/Ethyl ether/Acetic Acid (80:20:1 v/v) 


9. Hexane/Ethyl ether (9:1 v/v) 


ii. UV Fluorescence 
UV fluorescence of the developed chromatograms was 
observed under a CAMAG universal UV lamp at wave length of 25408 and 


fluorescing spots were marked accordingly with a lead pencil. 


txt), Chromatography 


Eastman chromatography sheets (20 x 20 cm.) of silica 
gel (6060) with fluorescence indicators were used for thin-layer 
chromatography. The characteristic of this sheet is that the silica 
gel is located on the plastic sheet and in addition, a fluorescence 
indicator (lead-manganese activated calcium silicate) is present which 


renders non-fluorescing substances to fluoresce at 25408. 
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iv. Spray - Reagents 


For the detection and determination of the developed 
fluorescing spots the following spray-reagents were tried: 
1. Iodine crystals - (Test for lipids) 
2. 1% Phosphomolybdic acid in ethyl alcohol - 
(Test for lipid-protein complexes) 

3. 0.4% solution of Bromothymol blue in 0.01 molar 
sodium hydroxide - (Test for lipids) 

4. 2',7'-Dichlorofluorescein solution (0.2% solution) 
in ethyl alcohol - (Test for fatty esters) 

5. Ninhydrin Solution: 0.3% ninhydrin in butyl alcohol 


containing 3% glacial acetic acid - (Test for amino acids). 


Visualization 1, The chromatogram strips were placed in a jar 
containing iodine vapour for about five minutes. In the presence of lipids 


the fluorescing spots develop a brown colour within one minute. 


Visualization 2. The chromatogram strips were sprayed with, 
or dipped into the solution of phosphomolybdic acid solution and heated 
for 15 minutes at 100° C. A blue colour originates in the presence of 


lipids. 


Visualization 3. A spray with Bromothymol blue solution 


renders the UV fluorescing lipid spots yellow. 


Visualization 4. The spray reagent 2',7'-Dichlorofluorescein 
yielded no visible spots (either in bright light or under UV light) in- 


dicating the absence of fatty esters. 






















nsqolaveb af? to nottpriéotozeb, bus apisoetab’ ols 


y 


7 
ag! a 
01. Mh 
ies " j 
a y ‘1 
:boit) sydw atasgees-yarges galwolli: 1 ol 83098 ‘audit: oceall 
(ebiqil t0o% seeT) « bites entbol a ’ 


- forlcele Iydie nk bkos sibdglomodgecdt XI .S ‘ 


(asxelenos nisioxrg-biqtl tot jast>. - ¢ 
om 10.0 nk suld Jomedjomo1e 26 moljguioe A#.0 .f ~ 
(ebteil wot tasT) ~ sbbxotbyrd murbos. 5 - : 
- oo wr’ : ‘ r _— t ‘sr 4 ; i ° 
(noitivioe ££.0) noituloe stesestoulzozoinaid-"¥,'s .2 tecé 
* : ; as - = Pe » : > 
(s1stee-y27e8 sok test) ~ lodoode iqdee at - 
loools Ivind sk ol¢bydein £6.00 inokivie® nizbyiain .c A. 
3 J ® * 4 on: 9 oe he . = 
ehion onim® sot jd2es¥) - bios siteos Iaiosig al gntnteanos 
hn? : ; a La ion bel 
yet 5 ait beoslg strsw aqitie mexgoitsmotdo aft ..1 sobjastigusty if 
3 f , aboot | =) 
abiekl B® aoneeetq odo ot .asdunim ovi® suoda tok 4swogsy saibot gnintsanoo 
~ A f . 4 = 7 oh 
P} “ . = x - ¥ 
4 € . P a ' : 7 7 % - : ee 
jonim sno midaiw-xvolop awotd ae qoleaveb egoqe galozezoul? add: 
E 4 + 4 f . a 
. ae ¢ eae oy 
; : . ‘ = a 


¥ysuqe oT4w agin3e mereojsaords edt a nol iaats aunty “ 
a r F F ¥ eure rae 
beised bas nortuio’ bios ol bdylomordgeodg, tn aod sad ti ‘ats ant becotnclh oO 
e "Aa £ " - 
a6 s9ne8te%q off at eedonigizxo awolos euld Av .D 665 78° eosuaim 3 
; | oe 


Sum q ! . a =< a A 
mes ‘autd Lomedsomo xs isi b-atphn A be ea 


ae A» =< “as ae y f “pitas , ia 
. yolloy aroga | ; 


a 
7b? oe ware 













"He 


Visualization 5. Ninhydrin solution was sprayed on the 
chromatograms and heated gently for about 10 minutes, Since no spots 


developed it was concluded that amino-acids were absent, 


Vic) Spot application method 


Six pencil marks were made at equal distances about 2 
cm, away from the bottom of the silica gel sheet. The extract was 
delivered by means of 5 ul. chromatography pipette at the indicated 
pencil marks taking care that the diameter of the spot did not extend 
beyond half a centimeter. Initially, different volumes (10 ul, 15 ul, 
20 ul, 25 ul and 30 ul) of extract were delivered but in every case 
the same number of fluorescing spots were recovered in the resulting 
chromatograms. Routinely, therefore, chromatograms were prepared 
using 20 ul of extract. Control chromatograms were also run along 
with the extract and to these only the solvent was delivered (in the 


appropriate quantity). 


(b) UV, Infrared, Mass and NMR Spectroscopy 
i. Ultraviolet Spectroscopy 
Ultraviolet spectra (UV) were determined with a 
UV spectrometer: model Jasco/UVs. 
ii. Infrared Spectroscopy 
Infrared (IR) spectra were determined with a Perkin 
Elmer-421 IR Spectrometer. 
iii. Mass Spectroscopy 
Mass-Spectra were recorded on a 70 eV MS:9 Mass- 
Spectrometer apparatus manufactured by Associated Electrical Industries 


Ltd. 
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24. 
iv. Nuclear Magnetic Resonance Spectrosco NMR 


NMR Spectra were recorded on a Varian HA-100 instrument 


in deuterio-chloroform (CDCL3) solution, 


(c) Carbon-hydrogen determination 


A Coleman C-H Analyser (model-33) was employed for the 


determination of the C/H ratio. 


(d) Molecular Weight determination 


An Osmometer (Mercro Lab., model-301A) was used for the 
molecular weight determination by means of the differential vapour 


pressure method. 
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EXPERIMENTS AND RESULTS 


CHARACTERIZATION OF THE EXTRACT OF CROSS Em A X Em a 
(a) Biological Characterization 


1! the effect of the extract of cross Em A x Em a 
on wild type strains 


The extract of the cross Em A x Em a was tested 
for the enhancement of protoperithecia development of the wild type 
strains Em A and Em a. On visual examination of the treated plates it 
was concluded that the extract of the cross Em A x Em a increased the 
number of protoperithecia developed by the wild type strain Em A, but 
no increase in the number of protoperithecia was noted when Em a was 
used as a tester strain. 

Many small protoperithecia with a few large, well 
developed protoperithecia were initiated in the culture plates of tester 
strain Em A and treated with the extract whereas Em a cultures showed 
no reaction. The control plates in both cases were devoid of any 
visible protoperithecia except for Em A plates which occasionally 
produced a few (2-5) protoperithecia and protoperithecia-like bodies 
after three weeks incubation (Table II, Plate I - III). The experiment 
was also repeated with different concentrations of the extract (0.2, 
0.3, 0.4, 0.5 ml/plate). Using Em A as a tester strain, it was observed 
that an increase in the concentration of the extract yielded an 
increase in the number of protoperithecia and protoperithecia-like 
bodies per plate. In some instances, this experiment yielded fertile 
perithecia with mature spore content (see Appendix). It was noted 
however, that an increase of the concentration of the extract even 


after treatment with an extract concentration of 0.5 ml/plate did not 
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TABLE - II. 


EFFECT OF THE EXTRACT OF CROSS Em A X Em a ON SINGLE WILD TYPE STRAIN 


CULTURES (Em A AND Em a) 
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plates 
(Deve Lopment Fifteen-day Twenty-one-day 
of Proto- plates (No. of plates (No. of 
Strain Extract perithecia) Protoperithecia) Protoperithecia) Remarks 
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Note: +: Development of visible protoperithecia and 
protoperithecia-like bodies. 


-: No development of visible protoperithecia. 
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Table - III. 


DOSE EFFECT OF THE EXTRACT OF CROSS Em A X Em a ON SINGLE WILD TYPE 


STRAIN CULTURES (Em A AND Em a) 









15-day Plates 
















No. of devel- 
oped proto- 
.| perithecia 


7-day plates 
(Development of 
protoperithecia) 


Concen- 
tration of 
Extract 










No. of proto- 


Strain perithecia Avg. 


4 

4 

Em A 5 
6 

10 

0 

0 

0 

Em a 0 
0 

0 

0 


Note. +: Development of visible protoperithecia and protoperithecia- 
like bodies 


-: No development of visible protoperithecia 
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ii. The Effect of the Extract of Cross Em A x Em a on 
Sterile Isolate I-5 


One of the sterile isolates from the 'selfed' progeny 
of Em A (see Appendix, Table IV) was subsequently used as a tester 
strain to determine as to whether or not the Em A x Em a extract had 
any influence on the fertility of this sterile isolate. The isolate 
#1I-5 (perithecium #1, random spore #5) was crossed to Em A as well as 
to Em a, Ten crossing plates were treated with the extract of the cross 
EmeA x Em a whereas an additional ten plates (without extract) were 
used as a control. At seven-day intervals the plates were examined 
for a possible effect of the extract. It was found that cross I-5 
x Em a treated with the extract developed perithecia after two weeks 
of incubation. The control plates in both crosses (I-5 x Ema, I-5 x 
Em A) showed no development of perithecia (occasionally one or two ill- 
developed perithecia (protoperithecia?) were found in some plates). On 
examining the cross I-5 x Em A treated with the extract (Em A x Em a) 
no difference in the number of perithecia was observed when compared with 
the control plates. The perithecia in the cross I-5 x Em a treated with 
the extract, showed spore-shed after four weeks. In repeating the 
experiment (I-5 x Em a) similar results were obtained (Plates VI and 
VII). In addition, single strain mixtures (1:1) of Em a and Em A 
were tested for their combined activity which was found to be less than 
that of the cross extract Em A x Em a. Due to the fact that analytical 
data are not available; no attempt has been made to interpret that 


experiment. 
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4ii. The.Effect of the Extract of Cross Em A x Em a on 
Isolate #1-28 


Isolate I-28 (from the selfing of Em A; see Appendix, 
Table IV) is fertile when crossed to either tester strain Em A or Em a, 
It is for this reason that this isolate can be classified as bisexual 
but self-sterile. As an isolate, it will produce visible protoperithecia 
(30-35 per plate). In employing I-28 as a tester strain for the bio- 
logical effect of the extract of cross Em A x Em a, ten replica plates 
were treated with the extract whereas an additional ten plates (without 
extract) were kept as control. Observations with regard to the initiation 
of protoperithecia were made at weekly intervals. It was found that the 
extract had a suppressive effect on the development of protoperithecia 
by isolate I-28. Consequently more protoperithecia were observed in 
control plates than in the plates treated with the extracts (Table V, 
Plates VIII and IX). Seventy-five well-developed protoperithecia from 
the control plates together with 42 well-developed protoperithecia 
from the plates treated with the extract were dissected after six weeks 
of incubation. In both cases all protoperithecia were found to be void 


of ascospores, 
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TABLE V. 


EFFECT OF THE EXTRACT OF Em A X Em a ON THE BISEXUAL ISOLATE #1-28 
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iv. The Effect of the Extract Em A x Em a on the Cross 
Em A x Ema 


Chloroform extract, chloroform-menthol extract and 
acetone extract of the cross Em A x Em a were found to increase the 
number of perithecia developed by the cross Em A x Em a. A five to 
ten times increase in the number of perithecia produced by the cross 
Em A x Em a in the presence of different extracts was observed when 
compared with the controls. The addition of extract to the filter 
paper in the medium gave rise to a strong chemotactic response by 
the organism in that most of the perithecia developed on the treated 
area in a congregated manner. In the control plates in which the 
filter papers did not contain extract, the perithecia developed evenly 
over the entire plate (Plate XI). 


veevThe Effect: ofethe Bxtract rof the «Cross »Em ‘AixcEm avon 
Sterile Biochemical Mutants of Mating Type A (St. 


Lawrence Background 
Sterile mutants 5366-A, 10710-A, 7232-A, 9312-A, and 


10402-A were used as tester strains for determining the biological 

effect of the cross-extract (Em A x Em a) on protoperithecium development 
and restoration of fertility. Of these strains, 5366-A was a panto- 
thenic acid deficient mutant whereas 7332-A, 10710-A, 9312-A, and 10402-A 
were leucine deficient mutants. The extract proved to have a positive 
biological effect on all biochemical mutants with respect to the 
enhancement of the number of protoperithecia developed by these strains. 
In addition, the extract improved the fertility of all the biochemical 


mutants except for the mutant 5366-A which remained completely sterile. 
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This latter mutant (5366-A) is characterized by complete 
male and female sterility, and under control conditions this mutant 
produces an abundance of small and brown coloured protoperithecia and 
protoperithecia-like bodies when crossed to Em a. On treatment with the 
extract, mutant 5366-A developed a large number of perithecium-like bodies 
when crossed to Em a. In the control plates, however, only very small 
brown protoperithecia were found together with an occasionally ill- 
developed perithecium. The perithecia(?) arising in the crosses between 
5366-A x Em a when treated with the extract were found to be immature 
and frequently without an ostiole. On dissecting these fruiting bodies, 
no ascospores were observed (Plates XII and XIII). Although attempts 
were made to express the enhancement of protoperithecial and perithecial 
development in a numerical manner, this parameter was abandoned due to 
the fact that severe clustering of protoperithecia and perithecia rendered 
counting procedures impossible. It is for this reason that the data have 
been presented by means of photographic documentation. 

Mutants /232-A and 10710-A, when crossed to Em a produced 
an abundance of small brown protoperithecia and protoperithecia-like 
bodies together with occasional mature perithecia (0-10 per plate) which 
contained normal ascospores, Crosses treated with the extract of Em A 
x Em a displayed many visible protoperithecia and protoperithecia-like 
bodies (7232-A: 70-140; 10710A: 140-160) together with some perithecia 
on the filter paper segment of the petri dish where the extract was 
applied. In control plates, however, this area was almost devoid of 
any visible protoperithecia and perithecia (Plates XIV and XV). The 
mature perithecia from the plates treated with the extract were found 


to contain ascospores. 
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34. 
Mutant 9312-A when crossed to Em a produced many immature 
brown perithecia(?) with no ostiole and without ascospores. However, in 
crosses between 9312-A and Em a (in which 9312-A functioned as the female 
(protoperithecial) parent an additional few perithecia with spores were 
found. The extract (Em A x Em a) elicted a very prominent effect on the 
cross 9312-A x Em a. Many perithecia (500-1000-fold increase over the 
control) developed and reach maturity and a heavy spore-shed was noted 
after three weeks of incubation. In the control plates the development 
of perithecia under similar experimental conditions remained scanty 
(Plate XVI). 
Mutant 10402-A when crossed to Em a produced an abundance of 
normally pigmented but immature perithecia, either empty or containing 
a few spores. In the presence of the extract (Em A x Em a) the cross 
10402-A x Em a produced a five to seven fold increase in the number of 
perithecia over that produced in the control plates (without extract). 
A strong chemotactic response of the organism with regard to the location 
of the extract was noted. Perithecia from treated crosses were normal 
in size and shape and displayed a heavy and early spore-shed (after two 
weeks of incubation) (Plate XVII). 
vi. The Effect of the Extract of Cross Em A x Em a on the 
Semi-sterile Strain 8455-a (St. Lawrence Background 
Strain 8455-a (male semi-sterile) when used as a tester 
strain is a semi-sterile strain producing a few perithecia with ascospores. 
Crosses between 8455-a and fluffy-A (Emerson background) treated with the 
extract of Em A x Em a showed no increase in the number of perithecia 
when compared with the control plates (untreated) raised under identical 
environmental conditions. Due to the fact that 8455-a is male sterile 


and hence female fertile, fluffy-A was used as a protoperithecial strain. 
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35. 
(b) Biochemical Identifications 


i. Determination of Solvent Systems for the Thin-layer 


Chromatography 


All the solvents, as listed in the section dealing with 
materials and methods, were tested for their application in thin-layer 
chromatography. It was found that the chloroform-benzene solutions 
(3:1, 4:1, or 6:1 v/v) yielded on thin-layer chromatography two spots 
both detectable under UV light. One of these spots (Spot A) moves with 
the solvent front and fluoresced blue (B), whereas the other spot (Spot 
B) fluoresced light brown (LB) and does not move with the solvent front. 
Spot B appeared very faint under UV light. When other solvent systems 
were used for thin-layer chromatography, either only one spot could be 
detected under UV illumination, or a complete absence of fluorescing 
spots was noted. Solvents such as hexane/ethyl ether/acetic acid and 
hexane/ethyl ether developed two spots on thin-layer chromatograms. The 
appearance of these spots was far from satisfactory due to an absence of 
sharpness and well-defined boundaries. Consequently, a 3:1 chloroform- 
benzene solvent mixture was chosen as the standard solvent for thin-layer 


chromatography (Table VI, Plate XVIII). 


ii. Spray Reagents Test 
The developed thin-layer chromatograms (developed in 
3:1 chloroform-benzene solution) were sprayed with, or dipped into, the 
spray reagents as listed under section dealing with materials and methods. 
Positive results were obtained with iodine, bromothymol blue, which were 
taken to indicate that the yahetanons (as present in the fluorescing spots) 


are of a lipid nature (Table VII). 
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36. 

The negative reaction with phospho-molybdic acid 
indicates the absence of lipo-protein complexes. 

iii. Biological Test for Activity of Thin-layer Chromatogram 

Spots 

The biological activity of single thin-layer chromato- 
gram spots (from Em A x Em a extract) was confirmed by testing their 
effect on protoperithecia development (including development of protoperi- 
thecia-like bodies) of wild type single strains as well as perithecia 
development of wild type crosses (Em A x Em a). 

The spots were cut out of the chromatograms and added 
as supplement to test plates (1:1). The control consisted of a supple- 
ment of fragments of unused silica gel sheets of equal size. In all 
experiments the thin-layer chromatogram spots showed biological activity 
in enhancing the development of protoperithecia and protoperithecia-like 
bodies in a single strain culture of Em A, and improvement of fertility 
of the wild type cross Em A x km a. No effect was noted when Em a was 


used as a tester strain. 
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Table - VII 


SPRAY-REAGENTS TEST 


Name of the Reagent 


1, Iodine Vapour 
2. Phospho-molybdic Acid 
3. Bromothymol blue 


4, 2', 7'-Dichloro- 
fluorescein 


5. Ninhydrin 


Reaction 


Positive 
Negative 


Positive 


Negative 


Negative 


Colour of Spots 


Brown (for both spots) 
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CHARACTERIZATION OF THE EXTRACT OF STRAIN Em A AND OF STRAIN Em a 


(a) Biological Characterization of the Extracts 


i. The Effect of the Single Strain Extracts (Fm A or Em a) 
on Wild Type Strains (Emerson Background) 


Em A and Em a were tested with both the extracts of 
Em A and Em a, When the extracts of Em A or Em a were applied to tester 
strain Em A an increase in the number of visible protoperithecia and 
protoperithecia-like bodies initiated by Em A was noted. Tester strain 
Em a on the other hand did not respond to either extract. It was evident 
that in comparing the results obtained with the extracts of Em A and of 
Em a on tester strain Em A the extract of Em a developed more protoperi- 
thecia and protoperithecia-like bodies when applied to tester strain Em 
A than extract of Em A (Table VIII, Plates XIX and XX). Although a few 
protoperithecia in the plates of Em A were well developed, on dissection 
of these fruiting bodies no ascospores could be detected. 

ii. The Effect of Single Strain Extracts (Em A or Em a) 

on the Cross Em A x Em a 

Both the extracts (Em A or Em a) were found to have a 
positive effect on the fertility of the cross Em A x Ema. A four to 
six fold increase in the number of perithecia (when compared with 
untreated control plates) was noted. In the treated plates the test 
organisms responded chemotactically to the extracts (Plates XXI and 


XXII). 
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iii. The Effect of Single Strain Extracts (Em A or Em a) on 
Sterile Strains of Mating Type A (St. Lawrence Background) 


Mutants 5366-A, 7232-A, 10710-A, 9312-A and 10402-A were 
tested with the extract of Em A and of Em a for possible enhancement of 
the development of protoperithecia and protoperithecia-like bodies and 
restoration of fertility. In the presence of the extracts, 5366-A 
developed a large number of perithecia-like bodies when crossed to Em a. 
The perithecia were mostly ill-developed and of small size. On dissection 
no ascospores were found. The effect of the single strain extracts on 
mutants 7323-A, 10710-A, 9312-A and 10402-A when crossed to Em a consisted 
of a general increase in the production of protoperithecia and protoperi- 
thecia-like bodies as well as perithecia (but less than noted for mutant 
5366-A) together with an improvement of fertility (Plates XXIII, XxIV, 
XXV, XXVI, XXVII, XXVIII and XXIX). 

iv. The Effect of Single Strain Extracts (Em A or Fm a) on 
the Sterile Strain 8455-a (St Lawrence Background) 

Mutant 8455-a was tested with the extracts of Em A as 
well as of Em a. The extracts proved to have no positive effect (i.e. in 
terms of an increase in the number of protoperithecia and perithecia) on 


the cross fl-A x 8455-a (semi-sterile). 


oe 


v. The Effect of Single Strain Extracts (Em A or Fm a) on 


a Sterile Isolate (I-5) from the 'Selfed' Progeny of 
Em A 





Both the extracts showed a positive effect on the cross 
I-5 (Sterile) x Em a. Protoperithecia and protoperithecia-like bodies 
were developed in the treated plates. On dissection of resulting peri- 
thecia, ascospores were detected. From the results obtained it appears 


that the extract of Em a is more potent (70-fold increase over control) 
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42. 
in its biological effect than the extract of Em A (22-fold increase 
over control, Plates XXX and XXXI). In the control plates occasional 
(1-2) perithecium-like bodies (without any ascospores) were observed 


(Plate XXXII). 


(b) Biochemical Identifications 
i. Thin-layer Chromatography 

The developed chromatograms (in 3:1 chloroform-benzene 
solvent, Plate XXXIII) were either sprayed with or dipped into the spray 
reagents listed in the section dealing with materials and methods. Positive 
results were obtained with Iodine vapour and Bromothymol blue solution, 
indicating that the substances present in the chromatogram spots are of 
a lipid nature (Table IX). Both the extracts of Em A and Em a yielded 
one spot on thin-layer chromatography (Rf. 0.8-0.9) which fluoresced blue 
under UV light of 25408. In either case the chromatogram spot reacted 
similarly to spray reagent tests with Iodine vapour and Bromothymol blue 


solution. 


li; Ultra-Violet Spectrum 


The extracts. when dissolved in methanol, yielded on 


UV spectrometry an absorption shoulder at 265 my (Plate XXXIV). 


Lik, infrared Spectrum 


The following results were obtained with Infrared 
spectrometry of the single strain extracts (Em A and Em a) (dissolved 


in chloroform): 


CHC1 -1 - 
C-H stretching frequency: max 3. 2910cm and 2860 cm 


C-H frequency: 1450 cm, no carbonyl absorption 


(Plate XXXV). 
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43. 
iv. Nuclear Magnetic Resonance Spectrum 
The Nuclear Magnetic Resonance Spectrum showed three 
line patterns at 0.86 ppm. (CH3-C) and a singlet at 1,22 ppm. (-CH92-), 


(Plate XXXVI). 


v. Mass Spectrum 


Although Mass Spectrograms of the single strain 
extracts of Em A and Em a were indicative for hydrocarbons, insufficient 
resolution was obtained and hence an exact mass number could not be 


determined. 


ies Analytical Data 


C/H Ratio: 
The following data were obtained with the Coleman 


C-H Analyser: 


Percentage of 


Substance Sample No. Carbon Hydrogen 
1 85.14 12.95 

Em A 2 $5.01 12.19 
3 86.02 12.04 

Em a 1 85.01 a 


2 85.62 12.41 
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Molecular Weights: 
The molecular weights as determined by an osmometer 


were found to be as follows: 


Substance Molecular Weight Solvent 


Em A 1 the2d7 Benzene 
2 se * 544 Benzene 
Em a 1 sweas2 Benzene 


2 3~69354152 Benzene 
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Table - IX. 


SPRAY - REAGENT TEST 


Name of the Reagent Reaction 
1. Iodine Vapour Positive 
2. Phosphomolybdic acid Negative 
3. Bromothymol blue Positive 
4. Ninhydrin Negative 
5. 2',7'-Dichloroflurescein Negative 


Colour of Spot 


Brown 


Yellow 


45. 


46, 


Plates i= 9 i: 


Photographs showing the effect of the extract of 
the cross Em A x Em a on single wild type strain 
cultures, Em A (Plate I) and Em a (Plate II) when 


compared with untreated control (Plate III). 


PLATE I. 

















49, 


Plates IV - V. Photographs showing the dose effect of the extract of 
the cross Em A x Em a on single wild-type strain 
cultures (Em A and Em a), when compared with untreated 


— 


control (upper left corner). 


PLATE IV. 











Ok. 


Plates VI - VII. 


Photographs showing the effect of the extract 
(Plate VI) of the cross Em A x Em a on a cross I-5 
(sterile) x Em a (wild), when compared with the 
untreated control (Plate VII). I-5 (sterile) is an 


isolate from the 'selfed' progeny of Em A. 


PLATE VI. 
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Plates VIII-- 


Tx 


Photographs showing the effect of the extract of 
cross Em A x Em a on isolate #1-28 (Bisexual, self- 


sterile (Plate VIII)), when compared with the un- 


treated control (Plate IX). 


PLATE VIII, 
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Plate]x: 


Photograph showing the effect of the extract of cross Em A 
X Em a on a biochemical mutant of hist-2A, when compared 


with untreated control. 


PLATE X, 





CONTROL EXTRACT EmA X Ema 


DOs 


Plate XI. Photograph showing the effect of the extract of cross Em A 
x Em a on the cross Em A x Em a (wild types), when compared 


with the untreated control. 


PLATE XI 





tie 


Plates XII - XIII. Photographs showing the effect of the extract of 
cross Em A x Em a on a cross 5366-A (sterile) x Em a 
(Plate XII), when compared with the untreated 


control (Plate XIII). 


PLATE XII. 





59. 


Plates XIV - XV. Photographs showing the effect of the extract of 
cross Em A x Em a on the cross 7232-A (sterile) x 
Em a (Plate XIV) and 10710-A x Em a (Plate XV), 


when compared with the untreated control. 


PLATE XIV. 
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* 


PLATE XV. 











On. 


Plate XVI. Photograph showing the effect of the extract of cross 
Em A x Em a on the cross 9312-A (sterile) x Em a, when 


compared with the untreated control. 


PLATE XVI. 





62. 


Plate XVII. Photograph showing the effect of the extract of cross 
Em A x Em a on the cross 10402-A (semi-sterile) x Em a, 


when compared with the untreated control. 


PLATE XVII. 





63. 


Plate XVIII. 


Photograph showing the separation of compounds of the 
cross extract (Em A x Em a) by thin-layer chromotography 
with a 3:1 (v/v) chloroform-benzene solvent system, The 
arrow indicates the direction of the flow of the solvent, 
The fluorescence of the compounds under UV light of 2540A 
has been marked accordingly - B = Blue, LB = Light Brown. 


Origins marked 1 and 2. 


PLATE XVIII. 





> | 


64. 


Plates XIX - 


XX, 


Photographs showing the effect of the extracts of 
single strains Em A or Em a on wild-type strain 
Fm A (Plate XIX), when compared with untreated 


control (Plate XX). 


PLATE XIX, 














66, 


Plates XXI - XXII. Photographs showing the effect of the extracts 
of single strains Em A or Em a on the cross Em A 
x Em a (Plate XXI), when compared with untreated 


control (Plate XXII). 


PLATE XXI. 
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68. 


Plates XXIII - XXV. Photographs showing the effect of extracts of 
single strains (Em A or Em a) on the cross 
5366-A (sterile) x Em a (Plates XXIII and XXIV), 


when compared with untreated control (Plate XXV). 


PLATE XXIII. 





EEC-A x Ema 


4 


5 





: 





SALl-A x Ema 





71. 


Plate XXVI. Photograph showing the effect of extracts of single 
strains (Em A or Em a) on the cross 7232-A (sterile) 


x Em a, when compared with untreated control. 


PLATE XXVI., 





12; 


Plate XXVII. Photograph showing the effect of extracts of single 
strains (Em A or Em a) on the cross 10710-A (sterile) 


x Em a, when compared with untreated control. 


PLATE XXVII. 





73. 


Plate XXVIII. Photograph showing the effect of extracts of single 
strains (Em A or Em a) on the cross 9312-A (sterile) 


x Em a, when compared with untreated control. 


PLATE XXVIII. 


TOULNOD 
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Plate XXIX: Photograph showing the effect of extracts of single strains 
(Em A or Em a) on the cross 10402-A (semi-sterile) x km a, 


when compared with untreated control. 
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Plates XXX - XXXII. 


Photographs showing the effect of the extracts 
of the single strains Em A (Plate XXX) and Em a (Plate 
XXXI) on the cross I-5 (sterile) x Em a, when compared 


with untreated control (Plate XXXII). 


PLATE XXX, 
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Plate XXXIITI; 


Photograph of a thin-layer chromatogram of single 
strain extracts (Em A and Em a). The solvent system 
utilized was 3:1 chloroform-benzene solution (v/v). 
The arrow indicates the direction of the flow of the 
solvent. The fluorescene of the developed spots 


o 
were marked by pencil under UV light of 2540A. 


B = Blue 


PLATE XXXIITI. 
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Plate XXXIV. Photograph of the UV spectrogram of single strain 


extracts of Fm A and Em a. 


PLATE XXXIV. 
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Plate XXXV. Photograph of the IR spectra of the single strain 


extracts of Fm A and Em a. 


PLATE XXXV. 
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Plate XXXVI. Photograph of the NMR spectra of the single strain 


extracts of Em A and Em a. 


PLATE XXXVI. 
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82. 
DISCUSSION 
The hypothesis that differentiation, development and function 
of vegetative and sexual organs of plants depend upon the action of 
specific chemical substances was advanced by Sachs more than 70 years 
ago. From that time onwards the progress in this area of developmental 
genetics has been progressing at a snail's pace and consequently not 
much information regarding the physiology of sexual reproduction has 


been brought to light. 


In Neurospora the existence of a hormonal mechanism in the 


initiation and progression of sexual stages has been a debatable topic. 


From complementation data and intergenic recombination of 
sterility mutants Vigfusson (1969) deduced that at least four genes 
control the 'early' stages of the sexual cycle in Neurospora while a 
minimum of three genes are indicated for those mutants blocking sexual 
development at later stages. The present study was designed to inquire 
into the existence of hormonal control of sexual development through 
the use of some of Vigfusson's sterility mutants. In addition, an 
attempt was made to investigate the existence of possible biochemical 


differences between the two mating types, A and a of Neurospora. 


Vigfusson (loc. cit.) as well as Weijer and Yang (1963) reported 
that initiation of ascogenous hyphae is characteristic for both mating 
types of all N. crassa strains regardless of genetic background. More- 
over, the incidence of ascogenous hyphae per unit surface growth is the 
same for both mating types of the same genetic background when grown under 


controlled conditions. Difference in fruiting abilities of different 
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83. 
strains is however common. The Emerson strains used in the present work 
are known to be less fertile than standard genetic strains such as the 
St. Lawrence strains. The reason for the use of Emerson strains for the 
present investigation is a historical one. Moreau and Moruzi (1931) in 
their first report concerning "sex hormones" in Neurospora made use of 


Emerson strains, 


The technique adopted in this investigation employs crosses 
for testing the biological effect of the different extracts on the fertility 
of these crosses. Although in retrospect, there appears to be some merit 
in testing reciprocal crosses, one has to bear in mind that even in 
reciprocal crosses, the establishment and identification of the proto- 
perithecial parent is by no means accurate. Slight difference in the 
time of sexual differentiation of the individual strains may cause one 
parent to function inadvertently as the protoperithecial parent and the 
other as the spermatial one. It is for this reason that the reciprocal 
crossing technique was not employed in the present study and instead use 
was made of the technique of simultaneous inoculation of both mating types. 
Consequently, the effect of extracts on crosses has been expressed as 
an effect on fertility of the cross without reference to their effect on 
the individual protoperithecial and spermatial strain, The crossing 
technique of simultaneous inoculation of both mating types ensures that 
both mating types constituting the cross to be tested, are exposed to 


the extract treatment for the same time interval. 


The sterile biochemical mutants tested for the biological 
activity of the extracts (Em A x Em a, Em A and Em a) were 5366-A, 7232-A, 


10710-A, 9312-A, 10402-A and 8455-a. Of these, 5366-A, 7232-A and 10710-A 
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84. 
are 'early' mutants (i.e. the genetic block is believed to be situated 
before the association of male and female nuclei), whereas 9312-A and 
10402-A are known to be '‘late' mutants with a genetic block just prior 
to karyogamy or immediately after karyogamy (Vigfusson, 1969). The 


location of the genetic block of strain 8455-a is not known. 


The extracts (Em A x Em a, fm A and Em a) proved to have a 
positive biological effect on the enhancement of the number of protoperi- 
thecia and/or on the improvement of fertility of all mutants tested with 
mating type A. The extracts did not have any effect on the number of 
protoperithecia to be initiated, or on the improvement of fertility of 


a sterile mutant of mating type a (8455-a, semi-sterile). 


In the case of strain 5366-A the extracts (Em A x Em a, Em A 
and Em a) increased the number of protoperithecia initiated in a cross 
with Em a, but no restoration of fertility was noted. Im all other cases 
(7232-A, 10710-A, 9312-A and 10402-A) there was some degree of improvement 
of fertility along with an increase in the number of protoperithecia in- 
itiated in a cross with Em a in the presence of extracts (Plate XII - XVII, 
XXIII - XXIX). Vigfusson (1969, p. 82) in his genetical study concerning 
sterility mutants reported that on the basis of complementation tests the 
mutant 5366-A falls in the first cistron of the 'early' genes. He 
postulated that the early steps in the sexual cycle involve: (a) production 
of diffusible substance(s) by the conidium; (b) attachment of the conidium 
by the trichogyne; (c) dissolution of the cell-walls of the conidium and 
trichogyne; (d) entry of the conidial cytoplasm and nuclei into the tri- 
chogyne; (e) migration of the male nucleus (nuclei) to the ascogonium 


and (£) association of the male and female nuclei in the ascogonium. As 
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the extracts are not effective in terms of restoration of fertility when 
used on mutant 5366-A, the present author postulates that some early 
steps in the sexual cycle (plasmogamy) are not controlled by the hormonal 
mechanism as present in the extracts, but possibly by different biologi- 
cally active substance(s) or none, Although Backus (1939) reported 
hormonal control of trichogynal attraction by conidia (which can be 
considered as an early step in plasmogamy), Vigfusson's study does not 


substantiate this claim. 


The extracts showed a prominent effect on two ‘late' mutants 
(9312-A and 10402-A); in both mutants improvement of fertility was noted. 
The effect on the remaining two 'early' mutants (7232-A and 10710-A) 
was considered to be marginal. Only a few fertile perithecia in the 
mating with Em a and in the presence of the extracts (Em A x Em a, Em A 
and Em a). According to Vigfusson (loc. cit.) these latter two mutants 
constitute mutations of the fourth gene which controls the ‘early' 
development of the sexual cycle (prior to plasmogamy). It seems pausible, 
therefore, that the extracts are more active on the later stages of sexual 
development (i.e. from karyogamy onwards), than on the early developmental 


sequelae, 


Although genetic control of sequential progression of the 
sexual cycle has been extensively analysed in three Ascomycetes, e.g., 
Sordaria macrospora (Esser and Straub, 1956, 1958); Sordaria fimicola 
(Olive, 1956); and Glomerella cingulata, (Wheeler and McGahen, 1952; 
Wheeler, 1954), physiological details of these control systems have so 
far not been described. There exists scattered evidence in literature 
that physiological control in sex development is mediated by diffusible 


substances. As early as 1949 Markert concluded that fertility between 
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different strains of Glomerella was controlled by complementary factors 
and that these factors exerted their influence (in part at least) by 
means of a diffusible substance. Driver and Wheeler (1955) later 
demonstrated that a culture filtrate from a wild type stock induced 
perithecial production when added to a self-sterile culture. Esser and 
Straub (1958) observed the same phenomenon of selfing in Sordaria 
macrospora, viz., the occurence of selfed perithecia of one or both 
parents in crosses of self-sterile but cross-fertile strains. However, 
no diffusible agents could be found in the medium and, therefore, it 
was concluded that intracellular induction gave rise to ‘selfing’. 
Vigfusson (1969), for the time, attempted to reveal by genetical methods 
the genes responsible for the development of the sexual cycle in the 
heterothallic Ascomycete Neurospora crassa, The present study constitutes 
the first attempt to uncover physiological details (hormonal control) of 
morphogenetic steps of sexual development both for homothallic as well 
as heterothallic Ascomycetes. The present study also attempts to elucidate 
the biochemical difference of the two mating types A and a of Neurospora 
crassa, The mating types in Neurospora are stable, controlled by an 
incompatibility mechanism and there is no report as yet of a mutation 
of one mating type to the other. Although both the mating types (A and a) 
are morphologically alike there is a genic difference between them with 
the ultimate outcome of a biochemical control of the two mating types 


through incompatibility mechanisms. 


From early studies by Dodge and also by Lindegren it is evident 
that the sequence of morphological development steps with regard to sex 
in mating type A, is identical to those occurring in mating type a. The 


present data indicate that in mating type A these steps are under hormonal 
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87. 
control whereas such hormonal control seems to be absent for the control 
of sex development in mating type a: the extracts (Em A x Em a, Em A 
and Em a) were found not be improve the fertility of a mutant of mating 
type a (8455-a, semi-sterile). Although this observation involved only 
one mutant (8455-a), the conclusion derived from it is in agreement with 
the fact that the extracts (Em A x Em a, Em A and Em a) are not effective 
on the single strainofmating type a (see p. 88). The conclusion, 
however, that the sequelae of sex development (i.e. the ability to initiate 
protoperithecia and to establish sex heterokaryons) in mating type a is 
not genetically controlled remains totally unacceptable and it is for 
this reason that the present author is inclined to accept the possibility 
that the development of sex in mating type a involves a different gene 
product(s) (for which the extracts employed are lacking) than for sex 
development in mating type A. The present extraction procedures may 
not be efficient for the isolation of this substance(s). An alternative 
explanation concerns the possible existence of different threshold values 
of sex-inducing substances for the induction of sex development by the 
two different mating types. The present data with regard to the effect 
of different concentrations of the extracts on mating type a, are not 


indicative for such a mechanism. 


In view of this conclusion, it appears that genetically 
determined heterothallism (as it occurs in N, crassa) gives rise to 
physiological heterothallism resulting from the differences in gene 


products as produced by the individual mating types. 


The addition of extracts (Em A x Em a, Em A and Em a) yielded 


an increase in the number of protoperithecia initiated by the single 
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88. 
strain Em A, but not by Em a. Consequently, this observation is in 
agreement with the view that the induction of sex organs (protoperithecia) 
in the different mating types is controlled by different gene products, 
or in other words, that the strain specificity of the extracts in their 
biological activity is consistent with the qualitative nature of different 
sex-inducing hormones. The hypothesis that a diffusible substance from 
one mating type will have per se an effect on the opposite mating type 
(i.e., in the induction of sex organs), as is the case in some Phycomycetes 
(Achlya, Mucor, Allomyces), does not seem to be valid for the Ascomycete 
N. crassa, In the present study all three extracts - (cross Em A x Em a, 
Em A and Em a) were found to have positive effects on the number of 
protoperithecia initiated by strain Em A but not by Em a, although the 
extract of Em A was found to be less potent than the other two extracts. 

As outlined above for the effect of extracts from fertile crosses of Em 
A x Em a, experiments with extracts from single strains (Em A and kim a) 
are also indicative of the existence of a different gene product necessary 
for the development of protoperithecia by the a mating types, when compared 


with mating type A. 


When the bisexual self-sterile strain (Isolate #1-28, Table IV) 
was used as a tester strain for the biological activity of the cross 
extract (Em A x Em a) a suppression in the initiation of protoperithecia 
was noted in the plates treated with the extract, when compared with 
untreated controls (Table V; Plates VIII - IX). Similar results were 
obtained with a hist-2A mutant of St. Lawrence genetic background. It 
is postulated here that the suppression of protoperithecia in the above 
mentioned strains is probably due to the fact that these strains produce 


the optimal quantity of sex inducing substance necessary for the 
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development of protoperithecia, An additional exogenous supply of hormone 
therefore will suppress the initiation of protoperithecia since the thres- 
hold value for optimal quantity has been exceeded. Since at present, no 
means are available to quantitate the biologically active substance, 


no attempt was made to verify this postulate, 


Extract of the cross Em A x Em a induced 'selfing' in single 
strain cultures of Em A. Analysis of the progeny showed that segregation 
occurred for both the mating types (A and a), as well as for sterile and 
bisexual (self-sterile) isolates (Table IV). From a theoretical point 
of view this observation is very interesting in that it may indicate that 
the genome of mating type A is of a complex nature and includes the 
genome of mating type a. Relevant literature contains scattered reports 
of bisexuality in Neurospora. Lindegren (1934b) reported an ascus containing 
four bisexual and four akaryotic spores, the mycelium from each of the 
bisexual spores being self-fertile. The same author (1934a, 1936) described 
a bisexual, heterokaryotic, self-sterile strain in which self-fertility 
could be induced by a cross with a third highly fertile strain. St. Lawrence 
(see Olive, 1958) also obtained bisexuals in N, crassa but these were found 
to be self-sterile, indicating an incompatibility block leading to self- 
sterility. Moreau (1937) reported on a case of 'selfing' in N. tetrasperma 
in a cross of N, tetrasperma with N. sitophila. Weijer and Yang (1966) 
reported a self-sterile bisexual isolate with a meiotic segregation pattern 
suggesting the presence of a hybrid section of DNA with third division 
segregation in the ascus yielding bisexuals, 'A' and 'a' in the ratio 


of 1:3:4. Somatic segregation of these bisexuals yielded conidia of 


four mating type reactions: bisexual, 'A', 'a' and neutral. The 


explanation offered by these workers constituted an extension of the 
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90. 
polaron hybrid DNA theory to include somatic as well as meiotic 
recombination. A compound structure of the mating type locus was 
anticipated on the basis of these results. Other reports of bisexuality 
have been explained on the basis of chromosomal aberrations (Newmeyer, 
1965) and disomy (Martin, 1959). The present results with regards to 
"selfing' of Em A (as induced by cross extract) seem to support the con- 
cept of a compound structure of the locus of mating type A. Unfortunately, 
in the present study the necessary confirmation of the observation of 
selfing is lacking. Induction studies on a single strain, morphological 


(albino-A) as well as biochemical (hist-2A) mutant, yielded no perithecia. 


Reports of 'selfing' as well as bisexuality in heterothallic 
species other than Neurospora can be found in literature. Esser and 
Straub (1958) found the occurence of 'selfed' perithecia of one or both 
parents in crosses of self-sterile but cross-fertile strains of Sordaria 
macrospora, Bistis (1956) whilst working with Ascobolus, obtained from 
a single spore isolate a self-fertile (bisexual) culture which gave rise 
to A and a progeny in one and the same tetrad. The vegetative growth 
(mycelium) of the bisexual strain after several transfers became a. A 
similar observation was made by Weijer and Yang (1966) in N. crassa. 
Nelson (1957) reported a self-fertile, single ascospore culture of 
Cochliobolus heterostrophus which retained its fertility after repeated 
transfers, but the ascospores of which produced heterothallic progeny 
(see Olive, 1958). According to Olive (loc. cit.) these ascospores either 
represent heterokaryotic structures or contain disomic nuclei carrying 


a homologous pair of compatibility chromosomes. 
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Homokaryotic fruiting may constitute a short-circuiting of the 
elaborate incompatibility system that results in functional homothallism. 
"Adequate analyses of this phenomenon are non-existent, but in at least 
one species, Schizophyllum commune, such fruiting appears to have 
extremely limited biological utility (Raper and Krongelb, 1958). Homo- 
karyotic fruiting is sporadic, and production of spores is meager and 
the viability of spores is very low. Homokaryotic fruits have not been 
reported in nature and they appear in laboratory cultures only after 
prolonged sub-culture. The process is many orders of magnitude less 
effective than the normal dikaryotic production of spores and is considered, 
at least in this species, a derived - probably mutative - anomaly." 


(Raper, 1960, p. 798). 


Vigfusson (1969) reported that the mutation frequency of the 
A mating type with respect to male sterility is more than 5 times higher 
than that of the a mating type (age 71). Unknown evolutionary inherent 
differences together with additionally unknown heterogeneities between 
the two mating types of N. crassa have been advanced by Vigfusson for 
the explanation of these results. Theoretically, on the basis of a 
more elaborate genetic structure of the A mating type locus (when 
compared with the locus of mating type a) a higher incidence of mutation 


for the A mating type can be expected. 


On several occasions physiological differences between the two 
mating types of N. crassa have been reported (Fox and Gray, 1950a) and 
have been explained on the basis of the existence of different mating 
type alleles, Although the difference in mating type alleles contributes 


to physiological differences between mating types, as Fox and Gray (1950b) 
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92. 
were able to show, other genetic differences (other than these located 
in the mating type loci) are also involved. The present results seem to 
corroborate their explanation in favour of multiple genetic differences 
between the two mating types of N. crassa. In summary the observations 
(1) that a cross extract as well as single strain extracts are effective 
on A mating type strains (by increasing the number of protoperithecia 
developed by the tester strain) and not on a strains; (2) that the cross 
extract (Em A x km a) induced 'selfing' of Em A (in one experiment) 
thereby giving rise to a progeny consisting of A, a, sterile and bisexual 
(self-sterile) isolates and (3) that cross as well as single strain 
improved fertility of A sterile mutants (except for 5366-A) and not of 
a a semi-sterile mutant (8455-a), import further evidence in favour of 
the existence of genetically determined physiological differences between 


the two mating types. 


Raper (1960) in his statement defines sexual hormones as 
highly specific substances in origin as well as in function, Although 
the chemical substances isolated ae N. crassa (and reported on in this 
thesis) enhance the development of protoperithecia, protoperithecia-like 
bodies and perithecia (when applied to test crosses), no evidence is 
available to show that such an enhancement is due to an extract induced 
increase in the initiation of sexual organs (ascogenous hyphae). Indeed, 
it is very well possible that the extract furthers the development of 
already present sex initials. The extract is however specific in that 
it improves fertility of "late" sterility mutants whereas an "early" 


sterility mutant remains completely sterile. 
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Although in literature these substances are referred to as 
"sex hormones’, the descriptive term of ‘growth accessories’ might in 
time prove to be more appropriate. In comparing Raper's (1960) definition 
of a hormone with others common in literature, its restrictiveness can 
be noted. Specificity of a hormone is usually limited to its action and 
to the minute amount necessary to bring about such an action rather than 
to the specificity of origin ('a chemical which is secreted by an 
endocrine gland in small amounts directly into the blood stream and greatly 
influences the functions of some specific organ and frequently of the 


body as a whole' - Dictionary of Bio-chemistry, Edit. W.M, Malisoff). 


The restoration of fertility (by treatment with extracts) of 
one of the sterile isolates of the 'selfed' progeny of Em A is of con- 
siderable interest. The sterile isolate I-5 (Table IV) when crossed to 
Em a in the presence of extracts (Em A x Em a, Em A(?) and Em a) produced 
fertile perithecia whereas the control plates without extracts were devoid 
of such fruiting bodies (Plates VI, VII, XXX, XXXI, XXXII). Isolate I-5 
in its vegetative behaviour Thaeed' however, normal growth and normal 
development of sex organs (protoperithecia), and it appears, therefore, 
that this ‘sterile mutant is either lacking the requisite quantity of the 
hormone necessary for successful mating or the particular hormone itself. 
An exogenous supply of a sufficient amount of this substance alleviated 
the block which underlies the sterility of this strain, thereby facilitating 


plasmogamy, karyogamy and the subsequent stages of ascosporogenesis. 


The biochemical characterization of the compounds present in 
the extracts (Em A x Em a, Em A and Em a) as revealed by thin-layer 


chromotography and other methods, indicated that the cross extract 
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x Em a) contains two substances, whereas each single strain extract 


(Em A and Em a) contained only one substance. 


Since extreme care was taken to preserve the integrity of the 
fungus during extraction procedures, the extract obtained is not a ‘crude' 
extract but constitutes mainly an active secretional product or a degra- 
dation product of the cell wall together with contaminants of intra-cellular 


origin. 


The physical appearance of the substances, their solubility in 
chloroform and 2:1 chloroform-methanol solvent (lipid specific) and the 
positive colour test with iodine vapour and bromothymol blue solution 
suggested the substances to be lipoid in nature. Due to the fact that 
the substances tend to run with the solvent front when polar solvents 
like benzene or 3:1 chloroform-benzene solution were used, suggested that 
the substances were hydrocarbon in nature. The non-mobility of the sub- 
stances on thin-layer chromatography with non-polar solvent like hexane 
and carbon-tetrachloride indicated the substances to be unsaturated 
hydrocarbons. The absence of a carbonyl function in the infrared 
spectra of the extract of Em A and Em a pointed to either a straight 
chain or branched chain of saturated or unsaturated hydrocarbons. The 
mass-spectra seem to be in concurrence with the above suggested chemical 
nature of the compounds. The ultraviolet spectra of the extracts 
indicated a conjugated diene function ( C=C-C=C), which of course is 
characteristic for the unsaturated nature of the compounds. Analytical 
combustion data showed the compounds to contain carbon and hydrogen 
only (C:85.01%, H:12.19% and C:85.62%, H:12.41%), with no appreciable 


amount of other additional elements The absence of any low field 


signals in the NMR spectrum indicated the absence of any olefinic 
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(C=C) or aldehydic (-G0) or carboxylic (-§=0) configurations. Hence, 
all spectral analyses as well as analytical data of the extracts (and, 
therefore, of the biologically active compounds present in these extracts) 
agree on a chemical structure consisting of a long chain (straight or 
branched), of probably unsaturated hydrocarbons. At a later date, vapour 
phase chromatography employing suitable columns, may provide additional 
information with regard to the precise chemical identity of these bio- 


logically active compounds. 


Both the compounds (either from Em A or from Em a) exhibited 
similar behaviour in thin-layer chromatograms and spectral analyses 
(UV, IR, NMR and Mass-spectra), although the molecular weights (as 
determined by the differential vapour pressure technique) of the biologi- 
cally active substances in extracts of Em A and Em a differed to some 
extent, The molecular weight of the biologically active compound as 
present in the extract of Em a amounted to 354 to 372, whereas the 
compound from Em A yielded a molecular weight of 344 to 357. This small 
difference in molecular weights, together with other chemical data, seem 
to indicate that the two substances in question are closely related and 


probably differ in the length of the hydrocarbon chain. 


Unfortunately, due to a lack of adequate amounts of the two 
individual compounds, biochemical identification of the extract from the 


cross Em A x Em a could not be extended beyond thin-layer chromatography. 
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| XLOMRESA 


i. The Effect of the Extract of Cross Em A x Em a on Em A 
An interesting observation was made on a culture of Em A 

treated with different concentrations of the cross extract Em A x Em a, 
It was found that the tester strain Em A when treated with the extract 
in the concentrations of 0.1, 0.2, 0.3 ml/plate developed mature perithecia 
with spore content. Although the development of perithecia was slow, 
mature asci with ascospores were detected after six weeks of incubation, 
Three of these perithecia were dissected after three weeks of incubation 
and their content yielded ill-developed asci. After five weeks of incubation 
an additional two perithecia were opened and in one perithecium many 
asci with ill-developed ascospores and a few asci with mature ascospores 
were observed whereas in the other perithecium only five asci with ill- 
developed ascospores (predominantly abortive types together with a few 
giant types) were observed. Three more perithecia were dissected after 
six weeks of incubation and ascospores were found in two of them. Perithecia 
of the plates treated with 0.4 ml. and 0.5 ml. of extract were all found 
to be empty. Tetrad and random spore isolations were carried out in 
those cases where ascospores were found and in total 70 ascospores (39 
random ascospores and 31 tetrad ascospores) were isolated. In total 25 
ascospores (24 random ascospores and 1 tetrad ascospore) germinated. 
Mating type tests (Table IV) on these isolates indicated the following 


segregation for mating type: 


A enn eceenses--- 8 
A eertenn------- 10 
Sterile--------- 6 
Bisexual 
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Table - IV. 


MATING TYPE ANALYSIS 
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Table - IV (Continued) 
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Table - IV (Continued) 


Isolate No. 
Perithecia Random or 
No. Tetrad Viability Mating Type 





1 + a 
2 + A 
3 + P a 
4 + a 
5 > A 
6 + ; s 
7 + a 
8 + eed 
9 + nat gh 


N.B, Mating type tests were carried out in triplo. 
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ii. The Effect of the Extract of Cross Em A x Em a on 
Mutant Strain Albino-A 


Since extract induced ‘selfing’ of an Em A strain produced 
spores of both mating types (Table IV), it was decided to test in a 
similar way a morphological mutant of N. crassa, In case 'selfing' could 
be induced in a morphological mutant it could be expected that all peri- 
thecia resulting from such a selfing should yield genetically identical 
offspring for this genetic marker. The mutant albino-A (mixed background) 
was grown in the presence of extract (7 replica plates per treatment) as 
well as without extract (control). It was observed, however, that the 
extract of the cross Em A x Em a had only a marginal effect on the number 
of protoperithecia initiated by the albino-A strain, A few, very small 
protoperithecia, developed during the incubation period and no ascospores 
were recovered. The experiment was repeated yielding similar results. 

iii. The Effect of the Extract of Cross Em A x Em a on Mutant 

Strain Histidine - 2A 

Subsequent to the results obtained with the albino-A strain, 
a biochemical mutant was selected for the induction of selfing by the 
extract of cross Em A x Em a, From a genetical point of view it could 
be expected that the offspring of the 'selfed' hist-2A would show no 
segregation for the biochemical marker and hence would be identical to 
the parental strain hist-2A irrespective of mating types. Since hist-2A 
has a St. Lawrence genetic background, it was decided to cross a hist-2a 
of Emerson background to Em A (as protoperithecial strain) in order to 
obtain a hist-2A mutant with an Emerson genetic background. A hist-2A 
mutant was recovered from this cross (hist-2a x Em A) and this isolate was 
grown with and without (control) the extract of Em A x Em a (20 replica 


plates per treatment). Plates treated with the extract developed many 
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vi. 
visible protoperithecia after two weeks of incubation (Plate X). The 
control plates on the other hand, produced only a few (0-5) protoperithecia. 
After eight weeks of incubation well-developed protoperithecia were seen 
in some of the extract treated plates, however, no spore-shed was observed. 
Additional observations on these plates were also made after the tenth 
week of incubation. By this time the perithecium-like bodies had dried 
out completely and again no spore-shed was evident. On dissection, these 


fruiting bodies were found to be without ascospores. 


In addition to the experiment above mentioned a hist-2A mutant 
but of St. Lawrence background was tested in a similar manner. On 
examination of the experiment, the control plates showed an increase in 
the number of protoperithecia when compared with the plates treated with 
the extract. Perithecium-like bodies were seen in the control as well 
as in the plates treated with the extract. No ascospores were observed. 
After five weeks of incubation 15 protoperithecia from the plates treated 
with the extract and 22 protoperithecia from control plates were dissected 


and were found to be void of ascospores. 
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